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Preface 


Many completely new and important developments in technology and 
machining methods have made it necessary to update Machine Shop 
Practice, resulting in this second edition of the book. The revisions in this 
new edition are very thorough, incorporating the latest developments in 
numerically controlled machine tools; the introduction of SI metrie units 
of measurement; and many other advances in shop practices. However, 
great emphasis is still placed on the operation of basic machine tools and 
the fundamentals related to their technology. Designed for use in the 
classroom or for home study, this book, with its many tables and formulas, 
is also useful in the workshop as a reference book for the more-advanced 
craftsman, technician, and manufacturing engineer. 
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СНАРТЕВ 1 


Shaper Construction and Shaper Tools 


‘The shaper is used principally to machine flat or plane surfaces with 
a single-point cutting tool. The cutting tool is mounted on the shaper head 
that js attached to the ram. The ram imparts a reciprocating motion to 
the tool which operates over the shaper table. The work is usually held in 
a shaper vise, although sometimes it is more convenient to bolt it directly 
onto the table. The table can be adjusted vertically. It is provided with 
ап automatic power or hand feeding motion that is parallel to the top 
of the table and perpendicular to the stroke of the ram. The tool cuts on 
the forward stroke while the table feeds the workpiece for the next cut on. 
the return stroke. Vertieal cuts ean be taken by feeding the tool with the 
shaper head slide. The shaper head ean be set at an angle in order to take 
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The priucipal parts of a shaper. 
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angular cuts, Profiles ean be eut by combining the feed of the shaper head 
tool slide and the table feed. The shaper is capable of working to close 
tolerances on a wide variety of work. 


‘The Construction of the Shaper 

Figure 1-1 illustrates a modern shaper and labels its principal parts, 
‘The drive gear train of a shaper is shown in Fig. 1-2, and a ram-actuating 
mechanism is shown in Fig. 1-3. The principal parts of the shaper and 
their functions will be described by referring to these illustrations. The 
parts of the shaper are attached to or supported by the base and a rigid 
housing that are made аз а single casting. The power is transmitted to 
the shaper from an electric motor through a V-belt drive. A gear train, 
Fig, 1-2, is used to provide the different speeds, or strokes per minute, 
of the ram, These gears are shifted by the gear-shifter lever and the back 
‘gear selector lever (Fig. 1-1), The last gear in the train of gears is a large 
gear called the bull gear or crank gear, and some shapers (Fig. 1-2) are 
provided with two bull gears. Attached to the {ace of the erank gear in 
Fig. 1-3 is а crank gear serew which is rotated through bevel gears by 
the stroke-adjusting shaft shown in Fig. 1-1. This screw causes the crank 


Fig. 1-2. The drive gear train of a modern shaper. 
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Fig 1-3. The ram drive mechanism of a shaper. 


block to move radially along the face of the crank gear. This movement 
of the crank block is guided by dovetail slides which are machined on 
the face of the crank gear. A crank pin, machined on the end of the crank 


4 SHAPER CONSTRUCTION AND SHAPER TOOLS Ch. 1 


Fig. 14, Schemotie drawing showing the effect of the crank pin position 
‘on the length of stroke. 


block, fits in a sliding block with а good running fit. By sliding inside 
the rocker arm while the erank gear is rotating, the sliding block causes 
the rocker arm to rock back and forth about the pin located in the lower 


Fig. 1-5. Mechanism for adjusting the position of the ram stroke. 
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part of the arm. This pin is attached to the shaper column. The rocking 
motion of the rocker arm is transmitted to the shaper ram through 
the link, thereby causing the ram to reciprocate back and forth. 

‘The length of the stroke of the ram is dependent upon the radial position 
of the crank block as shown schematically in Fig. 1-4. An inherent feature 
of this mechanism is the quick return of the ram on the return or non- 
cutting stroke. The crank gear rotates at a constant speed. However, as is 
evident from Fig. 1-4, the distance that must be traveled by the crank pin 
оп the end of the crank block is greater for the cutting stroke than for 
the return stroke. Thus, it will take longer for the ram to move forward 
when cutting than to return. 

In Fig. 1-5 the link connects the rocker arm to the link block. The 
position of the link block inside the ram ean be changed by turning 
the screw which is threaded through the upper portion of this block. Since. 
the link block is held in a stationary position by the link and the rocker 
arm when the bull gear is not turning, it is the ram which moves forward 
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Fig 14. Sectional view of a shaper bead. 
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and back when the serew inside of the ram is turned. In this manner 
the position of the ram can be adjusted so that the cutting tool strokes 
back and forth in the right location on the workpiece. When the shaper 
is cutting, the link block must be clamped firmly to the ram. The ram- 
adjusting shaft rotates the serew through bevel gears; and the clamp shaft, 
located behind the ram-adjusting shaft, clamps the link block in place. 

The shaper hedd, illustrated in Fig. 1-6, is clamped firmly to the end of 
the ram, Although usually clamped in a vertical position, it ean be clamped 
at an angle to take an angular cut. The shaper head has a slide that is 
actuated by a feed serew. A micrometer dial located below the handle of 
the feed screw сап be used to determine the exact amount of the movement 
of the shaper head slide. The clamp, provided to fix the slide to the head, 
should always be tightened when taking a cut using the table feed. It should 
be tightened very lightly, or to a snug fit, when the tool is fed by the shaper 
head slide. A clapper box, which can be seen in Fig. 1-7, is fastened to 
the front of the shaper head slide and has a channel machined on its {ace 
into which a clapper block is fitted. The fit between the clapper box and 
the clapper block is very close, although the clapper block is free to pivot 
forward and up on a taper pin which holds it in place. The purpose of this 
arrangement is to allow the tool to pivot away from the surface of the 
workpiece on its return stroke so that it will not drag. The clapper box 
сап be tilted slightly to the right or left of the vertical position by loosen- 
ing the bolts that elamp it to the face of the shaper head slide. This allows 
the tool to move slightly away from the shoulder formed by the cut, For 
example, in Fig. 1-7, the clapper box should be tilted so that its top slants 
away from the shoulder formed by the cut. The tool post which holds 
the toolholder is held in the clapper block and is clamped to it when 
the toolholder is clamped in place. The shaper shown in Fig. 1-1 has an 
automatic tool lifter that will automatically pivot the clapper block 
оп the return stroke. 

‘The front of the shaper column has a machined and scraped surface on 
which the crossrail is mounted. The crossrail should be firmly clamped to 
this surface when the shaper is cutting. An elevating screw located below 
the crossrail ean move it up or down. This is done only to raise or lower 
the table to adjust it to hold different sizes of workpieces. It is operated 
by the rail-elevating manual control. The croserail has an accurately 
machined and scraped surface on its forward face on which the apron 
(Fig. 1-8) is mounted. The apron slides horizontally along the crossrail, 
and this movement is perpendicular to the stroke of the ram. The shaper 
table, which is firmly attached to the apron, slides along with it. A table 
support, shown in Fig. 1-8, provides additional support to the table. 

‘The feed of the shaper table (and the apron) is actuated through a feed 
serew mounted in the erossrail. The feed screw can be operated manually 
by turning the cross-feed manual control. All shapers have an automatic 
power eross-feed that moves the table a given distance during the return 
stroke or at the end of the stroke. Because the construction of the auto- 
matic power feed-actuating mechanism varies with different makes of 
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оинии of the Bokforé Machine Tesi Company 
Fig. 1-7. A shaper taking a cut showing the shaper bead and the clapper box 
(B) tilted. Clapper block is shown at A. 


shapers, it will not be described. The rate of cross-feed on all shapers is 
given in terms of thousandths of an inch per stroke. The rate of cross-feed 
on the shaper shown in Fig. 1-1 can be obtained by simply turning the 
power cross-feed selector handle. The power cross-feed, which can be 
engaged by turning the cross-feed engagement lever, can move the table in 
either direction. Many shapers have a rapid traverse that moves the table 
rapidly from one position to another along the crossrail. This feature saves 
much labor and time which would be required to move the table manually. 
‘The rapid traverse can be started by engaging the cross-feed engagement 
lever and the power rapid-traverse lever simultaneously. 

The shaper shown in Fig. 1-9is called a hydraulic shaper, since the ram 
is actuated by a hydraulic piston and cylinder arrangement. The ad- 
vantage of this design is that the speed of the ram can be varied infinitely 
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CROSS FEED SCREW 


5S RAIL ELEVATION 
Fig. 18. The construction of the shaper table, apron, and crow rail 


between its fastest and slowest speed. The speed of the ram is also constant 
over a large portion of the stroke. The length of the stroke and the position. 
of the stroke can be varied by simply clamping two dogs that are attached 
to the ram in different positions. The power cross-feed of the table is 
‘actuated by a combination of hydraulic and mechanical devices. Although 
the table is moved by a screw, the power for moving the screw as well as 
the amount that the serew turns is actuated hydraulically. The table cross- 
feed can also be actuated manually or by rapi 


Shaper Cutting Speeds 

The cutting speed is the velocity of the cutting tool as it travels through 
the workpiece in taking a cut. For all metal-cutting operations the cutting 
speed is given in terms of feet per minute. The cutting speed that should be 
used is dependent upon the material from which the cutting too! is made, 
the depth of cut, the feed rate used, the material from which the workpiece 
is made, and its hardness. Table 1-1 lists the recommended cutting speeds 
for а variety of materials that are cut on a shaper. These cutting speeds 
are for a depth of cut of 125 inch and a feed rate of 012 inch per stroke. 
A somewhat slower cutting speed should be used if deeper cuts and larger 
feed rates are to be used. Likewise, the cutting speed сап be increased 


traverse. 
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„e Tool Company 
Fig 1-9 Hydraulic shaper. 


somewhat from that recommended in Table 1-1 if shallower cuts and 
lighter feeds are used The recommendations are for high-speed steel 
eutting tools since most shaper tools are made from this material. 

For shaper work the recommended cutting speed must be converted into 
strokes per minute of the shaper ram. Furthermore, 
is used to return the shaper ram, the ratio of the cutting time to the return 
time per stroke of the ram must be known. A reasonable estimate of this 
ratio is 3 to 2. In effect, this means that the shaper is cutting durin 
the time per stroke and the ram is returning during 34 of the t 
stroke. Thus, if the shaper is operating for 1 minute, the time of the cutting 
stroke will be 34 minute. The distance that the shaper ram travels in 
1 minute during the cutting portion of the stroke is the length of the stroke 
multiplied by the number of strokes per minute. This can be expressed 
mathematically by the following equation: 


s-LS. 
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Table 1-1. Recommended Cutting Speeds for Shaping with 


High-Speed Steel Tools" 
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where: 


Distance that the shaper ram travels during the cutting stroke 
in one minute, inches 

L = Length of the shaper stroke, inches 

Sq. = Strokes per minute of the shaper ram 


‘The speed of the shaper ram is the cutting speed. In order to change 
the speed from feet per minute, as given in Table 1-1, to inches per minute, 
itis multiplied by 12ог: 


Speed= 12 V 
where: V = Cutting speed in feet per minute. 
А well-known relationship from physics is: 
Speed 

Substituting the terms applicable to the shaper for speed, distance, and 


time results in a formula that can be used to calculate the strokes per 
minuteof the shaper; 


Distance 
Time 


From which. 


zav 
T a2) 


Example 1-1: 

А piece of H-10 hot-work die steel is to be machined in a shaper. The 
hardness of this steel is 210 Bhn and the length of the part is 8 inches. 
‘The ram is set to overtravel the work % inch at the start of the cut and 
М inch at the end of the cut, making the length of the stroke equal to 
9 inches. Calculate the strokes per minute at which the shaper should cut. 


V = 75 (From Table 1-1) 

22V 12х15 
ETE T E 
s. = 0 


Whenever possible the strokes per minute as calculated by Formula 1-1 
should be used; however, it is sometimes necessary to reduce this speed 
because of the nature of the operation being performed or the rigidity of. 
the setup of the workpiece. Judgment must be applied in making the final 
selection of the speed of the shaper ram. 

Since the selection of the feed rate and the depth of cut to be used is 
subject to many variables, it is not practicable to give recommendations. 
Among the factors that must be considered are: 


1. The horsepower available on the machine 
2. The length of the stroke 
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3. The setup of the workpiece, or how rigidly it is held 
4. The amount of stock to he removed from the workpiece 
5. The finish required on the surface of the work. 


As а general rule, rough euts should be taken using as much feed and as 
deep a cut as possible so that approximately 005 to 031 inch is left on 
the workpiece for the finishing cut. The feed to be used for finish cutting 
depends upon the type of cutting tool selected for this operation. Sometimes 
the finish eut is taken with the same tool that was used for rough cutting; 
in this ease a fine feed (010 inch per stroke or less) should be used. If a 
broad nose tool. (C in Fig. 1-14) is employed, a very coarse feed should 
be used. 

In the metric system the cutting speed is given in terms of meters per 
minute and the length of stroke is in millimeters. Metric cutting speed 
values in terms of meters per minute can be obtained by multiplying the 
feet per minute values given in Table 1-1, by 03048. Using the sa 
procedure as before, it will be found that the metric formula for caleulat- 
ing the strokes per minute of the shaper is: 
sov " 
a a2) 
= Strokes per minute of the shaper ram 
Cuttingspeed, m/min 
Length of stroke, mm 


Where: 


Example 1-2 
Calculate the strokes per minute at which the shaper ram should operate 
in order to eut  25-mm-long piece of A2 cold work tool steel 
Allow an overtravel of 12 mm at the front end of the stroke and 20 mm 
at the back end; thus, the length of stroke is (25+ 12+20) 57 mm. From 
Table 1-1, the cutting speed for A2 cold work steel is 60 fpm or 60x 3048 = 
18 m/min, 


у _ 600s 
[CL 
= 190 strokes/min 


‘Shaper Cutting Tools 

Shapers utilize single-point cutting tools which are similar to those used 
оп lathes. The basie difference in their operation is slight. The most im- 
portant difference is that the lathe tools fecd into the work continuously 
when cutting while shaper tools do not feed into the work during the cut. 
‘The shaper feed occurs during the return stroke of the ram. For this reason 
it is claimed that shaper tools should be made to bave smaller relief angles. 
than lathe tools; however, an inerease in the rate of wear will occur if the 
relief angle is made too small, regardless of the fact that the cutting tool 
does not feed during the cut. 
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A shaper cutting toolholder is shown in Fig.1-10. This toolholder is used 
to hold high-speed steel too! bits. Fig. 1-11 shows how the tool bit can be 
held in this toolholder for cutting different surfaces. The long shank allows 
the toolholder to position the cutting tool to cut diffcult-to-reach surfaces, 

Some typieal shaper cutting tools for cutting steel are illustrated in 
Fig. 1-12. The roughing tool shown at A can also be used to take finishing 
cuts on certain classes of work. The tool at B is a general-purpose round- 
nose roughing and finishing tool which is also employed to take roughing 
and finishing euts on cast iron. The large-nose radius of this tool tends to 
eliminate feed marks, thereby producing a good surface finish on the work, 
Exceptionally good surface finishes ean be obtained on steel surfaces with 
the too! shown at C. When the cutting edge is oriented 25 degrees with 
respect to the direction of the stroke of the ram, this tool provides a shear- 
like cutting action which leaves а small, rather tightly curled chip. Be- 
‘cause of the hook ground on the face of the tool, there is а large rake angle 
that contributes to its ability to produce a very smooth surface finish. The 
cutting edge, which should be honed unti! it is keen, should not be blunted 
or rounded by the honing action. For best results the depth of cut should 
һе approximately .001 to 003 inch per stroke, and the feed rate should 
Бе 003 to 005 inch per stroke. In some cases а heavier feed, up to 025 


СЕТТЕ 


Fig. 110. Shaper toolbolder. 
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сеч of Armatrong Brothera Ine. 
Fig 1-11, Methods of application of shaper toolholder. 
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Fig. 112, Shaper tools for eating tee! A. Roughing tool, В, Round-nose 
Frocral- purpose fool. C. Steet finishing too 


inch per stroke, ean be used. A further improvement in the performance of 
this tool ean be obtained by covering the surface of the work with a good 
grade of soluble cutting oil. Figure 1-13 shows this tool in operation 

Cutting tools intended primarily for shaping gray cast iron are shown 
in Fig. 1-14. A general-purpose roughing tool is shown at A. It is also used 
to take finishing cuts on some classes of work. The tool at B has a large 
side-cutting edge angle so that the tendency of the cast iron to chip at 
the end of the cut will be reduced. The large side-cutting edge angle allows 
the tool to cut using a heavier feed rate. This tool is also effective in cut- 
ting steel using a heavy feed rate. The broad-nose finishing tool at C is 
intended to cut east iron only. Depending on the width of the tool's cutting. 
edge, the feed rate should be from 250 to .750 inch per stroke. The depth 
of cut should be .001 to 003 inch. Since a heavy feed is used, the broad- 
nose tool will finish the workpiece with relatively few strokes and in a 
relatively short time. Thus, the tool wear is reduced, particularly when 
large surfaces are being shaped, and the resulting surface will be a true 
plane. Another advantage of this tool is that the surface it produces will 
free from the hardening effects of cold working, making it an 
to hand serape when this is required. Hand-seraping can 
produce flatter surfaces than those obtained by machining. Such surfaces 
may be required on precision surface plates, machine tool ways, and other 
fiat, bearing arcas. Many surfaces, of course, are not hand-seraped, and 
the broad-nose tool will produce a very acceptable surface with character- 
istie feed marks parallel to each other. The two corners of the tool should 
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Fig 1-14. Shaper tools for cutting cast iron. A. Roughing tool. B. High lead angle 
roughing tool С. Cast-iroa fishing tool. 
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have a .015-inch by 45-degree chamfer, and the edges of the chamfers 
should be lightly hand-honed to make them round, A 3-degree relief angle 
should be ground on each side and the end relief angle should be 8 degrees. 
Although a slight back rake angle is desirable, grinding a radius equal to 
the radius of the grinding wheel is usually sufficient. When the cutting edge 

ind, the grinding wheel should be moving perpendicular and toward 


‘The tools shown in Fig. 1-15 are frequently used in shaper work. It is 
sometimes necessary to take a vertical cut while feeding the tool with 
the shaper head. This can be done with the tools shown at A. The steel 
tool, shown at the left, is ground with a very slight hook which provides 
а positive rake angle and curls the chip. The cast-iron tool, shown at the 
right, is ground with a 12-degree rake angle. No hook is required to curl 
the chip since cast iron produces а discontinuous type chip. The cast-iron 
side-cutting tool can be used to cut steel; however, it may be somewhat 
more difficult to control the chip on long cuts. Both tools should have а 
10-degree end-cutting edge angle as shown. 

А shoulder-finishing tool is shown at B in Fig. 1-15. If a sharp corner is 
required, a flat is ground on the end and on the side-cutting edge as shown, 
‘The width of this flat should be from .030 to 060 inch. If a radius is re- 
quired in the corner, the flat on the side-cutting edge can be eliminated and 
the required radius ground оп the nose of the tool. It can be used as shown 


Fig. 145 Shaper cutting tools. A. Side cutting tool B. Shouller-faishing. 
‘tool C. Keyseating tool. 
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DOVETAIL ROUGHING TOOLS DOVETAIL FINISHING TOOLS 
Fig. 1-16, Dovetail roughing tools (left) and finishing tools (right). 


for cutting either cast iron or steel. At C the tool illustrated is called a 
keyseating tool, which is used to machine slots and keyseats in either cast 
iron or steel parts. Cutting tools for rough- and finish-shaping dovets 
are shown in Fig. 1-16. These tools sometimes have a small radius 
nose instead of a sharp nose as shown in this illustration. The S-degree 
angles on the sides of „ле roughing tools and the 10-degree angles on the 
sides of the finishing tools must sometimes be reduced if the angle of the 
dovetail being eut becomes small. These angles are very satisfactory for 
60-degree dovetail angles. 


‘The Vertical Shaper 

‘The vertical shaper, Fig. 1-17, is also called a slotter. It is similar to a 
shaper except that the ram reciprocates vertically rather than horizontally. 
А slide, into which the ram is mounted, can be adjusted to an angle with 
respect to the vertical position so that the ram can reciprocate at this angle. 
This feature is often used when cutting clearances in metal stamping dies. 
The table ean be moved in two perpendicular directions as well as rotated, 
Such a combination of table movements enables the vertical shaper to eut 
vertical plane surfaces, round or partially round surfaces, and surfaces 
with an irregular profile. Internal keyseats and slots, which are frequently 
necessary, can be cut, as can external surfaces. 
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The vertical shaper in Fig 1-17 is a hydraulic vertical shaper, Here а 
hydraulic system reeiprocates the ram and provides the power for actuat- 
ing the power table feeding movements. There is also an indexing arrange- 
ment for obtaining angular movements of the table 


Coney of the Rockford Machine Tost Company 
Fig. 147. Vertical shaper. 


CHAPTER 2 


Shaper Work 


Shaper work embodies many of the fundamentals of machining plane 
surfaces that are applicable not only on the shaper but on other machine 
tools as well. The unique feature of machining a part that is held in a 
precision machine tool vise on a shaper instead of on а milling machine 
is that the shaper employs a relatively inexpensive single-point cutting 
tool instead of a multiple-point rotating cutter. Furthermore the shaper 
tool ean easily be resharpened when required. The method of holding and 
aligning the part in the vise is the same in either case. Likewise, parts are 
sometimes clamped directly to the shaper table in the same manner as 
they would be if they were to be machined on a milling machine, planer, 
or horizontal boring mill. Shaper work is generally limited in size by the 
maximum length of stroke of the shaper ram. The cutting tools used on 
the shaper and their manner of application are similar to planer cutting 
tools. The shaper сап machine а variety of plane surfaces, profiles, and 
contoured surfaces when equipped with a tracing attachment, 


‘The Shaper Vise 

Much of the work performed on shapers is done with the workpiece held 
in a shaper vise. It is a precision tool that must be kept in accurate ad- 
justment, Figure 2-1 shows а part that is being machined in a shaper vise. 
‘The bottom of the shaper vise is an accurate locating surface that is paral- 
lel to the base. One jaw of the vise is a stationary jaw while the other jaw 
is movable. The stationary jaw forms a second locating surface. It must 
be kept perpendicular to the bottom of the vise. The movable jaw, on 
the other hand, should not be used as a locating surface at any time be- 
cause the clearances that are necessary for it to slide without binding 
allow it to tip slightly. Both jaws have heat-treated steel inserts. The top 
surfaces of the jaws are also accurately machined and can be used as 
reference surfaces for tools, such as squares and surface gages that are 
used to position workpieces in the vise. The shaper vise has a swivel base 
which is graduated in degrees. This permits the vise jaws to be positioned 
parallel, perpendicular, or at an angle with respect to the stroke of the гат. 

The first step in doing accurate work in a machine tool vise such as a 
shaper vise is to ascertain its accuracy, and before checking the accuracy of 
а shaper vise, the worker must be sure of the accuracy of the shaper table. 
To do this the table should be clamped firmly against the shaper housing 
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Fig. 2-1. A workpiece held in shaper vier. 


and a dial test indicator clamped to the toolholder on the shaper ram. The 
shaper ram is then moved slowly while the contact point of the indicator is 
in contact with the table. A second check should be made by placing the 
contact point of the indicator against a long precision parallel bar that 
bridges the T-slots on the shaper table. With the ram held stationary 
the table cross-feed is moved manually, or by rapid traverse if available 
Figure 2-2 outlines the procedure for checking the shaper vise, At A and 
В the procedure for checking the bottom of the vise is shown. After the dial 
test indicator is clamped to a toolholder on the shaper ram, the stroke of 
the ram is adjusted to cause the indicator to move along the bottom of 
the vise without touching either jaw and the ram is moved slowly back 
and forth as shown at A. If the bottom of the vise is parallel to the stroke 
of the ram, the hand of the indicator will read the same throughout the 
length of the stroke. The bottom of the vise should also be checked for 
parallelism perpendicular to the stroke of the ram as shown at B. The 
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precision parallel is used as shown in order to bridge the opening in the vise, 
and the eross-feed movement to the table is employed to indicate the vise 
along the parallel. If the base of the vise is found not parallel, it should be 
checked for dirt or nicks on its seating surfaces. The bottoms of precision 
machine tool vises are made parallel to their seats; however, they will 
occasionally not be true if they are improperly used. Similarly, the per- 
pendicularity of the solid jaw will be affected by improper use of the vise. 
"This can be checked with a precision machinist's square, as illustrated at 
C in Fig. 2-2. The beam of the square is placed on the bottom surface of 
the vise, and two paper feelers are used between the blade of the square 
and the solid jaw. When the square is held firmly against the solid jaw, 
either of the paper feelers should be impossible to pull out. The solid jaw 
сап also be checked as shown at D. The precision machinist’s square is 
clamped very lightly in the vise by placing a piece of soft wood between 
the beam of the square and the movable jaw. When the vise jaws are posi- 
tioned perpendicular to the stroke of the ram, the indicator, which is 
attached to the ram, is moved along the blade of the square by slowly 
» When the vise jaws are positioned parallel to the stroke 
of the ram, the indicator is moved from one end of the blade of the square 
to the other by the table cross-feed. In either ease, the reading of the 
indicator should be the same at either end of the blade of the square. 


c D 
Fig 22. Methods of testing the shaper vise. 
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Vise Work—Shaping a Plane Surface. 

The finished surfaces of the shaper vise and all other precision machin- 
ist's vises should always be protected from being marred by the rough 
unfinished surfaces of castings, forgings, and rolled parts having а rough 
mill seale. This is done by placing shims made of soft aluminum, copper, 
or brass sheet between the workpiece and the finished surfaces of the vise 
as shown in Fig. 2-3: The bottom of the vise should also be protected if 
the workpiece is large enough to seat on the bottom of the vise. If the 
workpiece is too small to seat on the bottom of the vise, parallels should 
be used between the bottom of the work and the bottom of the vise. Rough 
parallels made from soft metal can be employed to seat unfinished work- 
pieces as shown in Fig. 2-3. If it is necessary to use precision parallels, a 


Fig. 23, Protecting vise jaws with soft metal shims when holding rough workpieces, 


soft metal shim should be placed between the parallels and the workpiece 
After the workpiece has been positioned in the approximate center of the 
vise, the vise is clamped tight. To seat the workpiece on the parallels give 
it a "dead" blow with а lead hammer. A "dead" blow is one in which the 
hammer is not allowed to bounce away from the workpiece. If а lead ham- 
тег is not available, а regular ball pean hammer can be used by striking 
а “dead” blow against a piece of soft copper or aluminum placed over 
the work. In either case the hammer chosen must have enough weight to 
seat the workpiece. Most plastie-faced hammers are too light for this 
purpose, Special no-bounce hammers are available for such work as seat- 
ing the workpiece in the vise. 

‘The rough workpiece is seated when at least one of the parallels is tight 
Because the rough surfaces are probably not square or parallel with each 
other, it is generally not possible to seat the work on both parallels. The 
vise should not be tightened further after the workpiece has been seated 
as this may cause it to become unseated. 

‘The clapper box of the shaper is tilted so that the top slants slightly 
away from the shoulder cut by the tool as seen in Fig. 2-4. This causes 
the cutting tool to swing away from the shoulder made by the too! during 
the cut when the ram is making its return stroke. The tool should be 
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clamped in а vertical position so that it will swing out of the work if it. 
slips. It should be clamped securely with the least possible overhang, as 
shown in Fig. 2-5. The shaper table should be adjusted to the correct 
height in order to prevent an excessive overhang of the tool slide of the 
shaper head. The length and position of the stroke of the shaper ram 
should be regulated to allow the cutting tool to clear the ends of the work 
by approximately 3, inch at the beginning and approximately % to 14 
inch at the end of the cutting stroke. The shaper should be set to the 


Fig 24. Correct setting of the cutting tool and the clapper box. 


correct number of strokes per minute or cutting speed and to the correct 
feed rate. 

The depth of cut is obtained by the trial-cut method. The slide of the 
shaper head is moved down until the cutting tool just touches the top of 
the workpiece. The shaper table should be moved until the cutting too! is 
clear of the side of the work. Then the slide of the shaper head is moved 
down to allow the tool to take a shallow cut. If the surface of the work has 
а hard or abrasive scale, the first cut should always be deep enough to cut 
below this scale. The automatic feed is engaged and the tool is allowed to 
take a short cut. The ram is then stopped and the workpiece measured. By 
means of the mierometer dial on the shaper head slide, the tool is adjusted 
the required amount to cut the workpiece to the desired size. One or more 
roughing cuts are usually taken in this way leaving .005 to 081 inch for 
the finish еш. Before the final finish cut is taken, the trial-cut procedure 
should be used to determine that this cut will bring the workpiece to the 
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Fig. 2-5 Avoiding excessive overhang of the cutting tool and the shaper head slide. 


finish size. The trial-eut procedure may be eliminated on roughing cuts if 
the work is first laid out to show where the finished surfaces are. In this 
case the depth of cut is established by using the layout lines as a guide. 


Vise Work— Shaping Parallel Surfaces 

When two surfaces are to be shaped parallel to each other, one of the 
surfaces must first be finished as described in the previous section. The 
finished surface must then be positioned parallel to the stroke of the shaper 
and to the table feed while the second surface is machined. When this is 
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B 


not parallel or «quare cannot be accurately 
the correct angle 


done in a shaper vise, the vise must first be checked as shown at A and В 
in Fig. 2-2 unless it is known to be true. The previously finished surface is 
then made to seat on the bottom of the vise, or on precision parallels 
that are placed on the bottom of the vise. When the second surface is 
machined with the workpiece in this position, the two machined surfaces 
will be parallel to each other. 

If the sides of the workpiece that are adjacent to the previously finished 
surface are not perpendicular, as shown in exaggerated form in Fig. 2-6, 
it will not be possible to seat the workpiece accurately in the vise when it 
is clamped between the two vise jaws. Other methods are therefore 
necessary. One method is to use hold-downs as shown in Fig. 2-7. Made 
from hardened and ground too! steel, hold-downs have contact edges at a 
slight angle, usually 5 to 8 degrees, with respect to the bottom surface. 
This causes the hold-downs to assume an angular position when held 
against the work in the vise, which directs the clamping force downward 
and forces the work against the parallels. Hold-downs are frequently used 


У 
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Fiz.2-7. Hold-downe used to seat work in a shaper vise. 
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to hold very thin workpieces which cannot otherwise be held in the shaper 
vise because the play in the movable jaw will prevent the work from seat- 
ing on the parallel. In Fig. 2-7 the workpiece is placed on two precision 
parallels which are positioned so that a seat is also provided against which 
the hold-downs сап rest. Sometimes a thin metal shim is placed between 
the parallels and the hold-downs. The parallels also locate the hold-downs 
exactly opposite each other. If the hold-downs are not opposite each other, 
the clamping force will cause the work to rotate, and it will be impossible 
to clamp the work. When the hold-downs are in position, the vise is 
tightened, The top surface is then shaped to вше. The size of the part can 
be measured with depth micrometers. Performing this procedure with skill 
and care assures that the workpiece will be to size and that the top and 
bottom surfaces will be parallel to each other. 


Vise Work—Shaping Perpendicular and Parallel Surfaces 

Much can be learned about precision machine-tool vise work by study- 
ing the procedure used to shape the sides of a rectangular block square 
and parallel. Before starting to machine the block, check the vise as 
previously described, In the following description it will be assumed that 
the vise is accurate in all respects. 

"The first step is to machine one of the sides of the block as shown at A, 
Fig. 2-8. If the surfaces of the block are very rough, soft metal shims 
should be used to protect the vise jaws and the parallels. After the vise has. 
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Fig 2-8. Procedure for machining the sides of a rectangular block square 
‘and parallel with each other. 
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been tightened, the workpiece should be seated by striking “dead” blows 
with а lead hammer until at least one of the parallels is tight. The first 
surface is then shaped smooth. The vise is unclamped and the workpiece 
is removed. The next step is to clean the vise thoroughly. АП chips must be 
removed with a brush. The final test for cleanliness should be to run the 
bare fingers of the hand over ай of the critical locating surfaces that will 
affect the accuracy of the next setup. These include the solid jaw, the 
bottom of the vise on which the parallels rest, and the top and bottom 
sides of the parallels. Any small particle of dirt that is left behind by 
the brush will be detected by the bare fingers which have a very sensitive 
sense of touch. Check the edges of the machined surface on the workpiece, 
and remove any burrs that are present with а file. The workpiece, the 
parallels, and the vise are now ready for the second setup. 

‘The objective of this setup is to have the first machined surface register 
against the solid jaw of the vise. To register against а locating surface 
means to have a surface on the workpiece, called the reference surface, 
contact the locating surface so that it will perform its function of locating 
the workpiece accurately in relation to the cutting tool for the machining 
operation to be performed. In this case the solid jaw of the vise is the lo- 
cating surface, It is intended to locate the workpiece so that the surface 
machined during the second operation will be perpendicular to the first. 
machined surface, which for the present is the reference surface on the 
workpiece. To accomplish this the first machined surface on the workpiece 
must make complete contact with the solid jaw of the vise. As shown in 
Fig. 2-6, this will not necessarily be accomplished if the part is simply 
clamped in the vise, because no other surface is square or parallel with 
the machined surface. In order to make certain that the machined surface 
will register on the solid jaw, a round rod of soft steel or brass having a 
diameter of М, to У, inch is placed between the workpiece and the movable 
jaw of the vise as shown at B, Fig. 2-8. The rod should be positioned in 
the approximate center of the workpiece. After the vise has been tightened, 
the work is seated with a lead hammer until at least one of the parallels 
is tight. The second surface is then shaped to be perpendicular to the first 
machined surface. 

‘The third setup is illustrated at C, Fig. 2-8. The vise and the parallels 
should be thoroughly cleaned and all burrs removed from the workpiece 
аз previously described. Paper shims are placed between the parallels and 
the four corners of the workpiece as shown. In this operation the solid jaw 
and the two parallels act as locating surfaces. The solid jaw is used to 
make certain that the third machined surface is perpendicular to the first 
‘machined surface. The parallels are used to make sure that the third and 
second machined surfaces are parallel. A round rod is employed as before 
to make the workpiece register against the solid jaw. To test the setup, use. 
paper shims to assure that all four corners on the workpiece register on 
the parallels. When the workpiece is properly seated on the parallels, all 
four paper shims will be tight. The third surface can now be machined 
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with confidence that it will be parallel and perpendicular to the previously 
machined surfaces. 

The fourth setup is shown in Fig. 2-8 D. It is similar to the third setup 
except that the positions of the reference surfaces are changed to allow 
the fourth side of the block to be machined. The positions of the second. 
and third machined surfaces could, of course, be reversed. If all of the 
precautions described for the previous operations are carried out for this 
operation, the fourth surface will be cut parallel or perpendicular to 
the other sides. 

The setup for machining the ends of the rectangular block will depend. 
upon its length. If the block is relatively short, it can be placed on end іп 
the vise as shown in Fig. 2-9. Any one of the previously finished machine 


Fig. 2-9, Using a prevision machiniet’s square to seta par! perpendicular 
ima shaper vise 


sides can be made to register against the solid jaw using the round rod 
between the workpiece and the movable jaw as shown. Seated on the 
bottom of the vise or on thin parallels, the workpiece must be aligned in 
the vise with a precision machinist’s square in order to position the two 
sides that are not held by the vise jaws. Paper feelers should be used 
between the blade of the square and the side of the workpiece in order to 
test the accuracy of this setup. The side will be square with the bottom 
of the vise when both of the paper feelers are tight as the precision square 
is held against the workpiece. The first end of the workpiece can then be 
shaped square with all of the sides. The setup for machining the second 
end is similar except that the bottom of the vise (or the parallels) will 
become a locating surface. Paper shims are used as feelers under the four 
corners of the workpiece that register on the bottom of the vise. When 
they are all tight, the second end can be shaped to size. 

The ends of longer workpieces are shaped by using the vertical feed of 
the shaper head slide as shown in Fig. 2-10. Before the workpiece is set up, 
however, the solid jaw of the vise must be accurately aligned perpendicular 
with respect to the stroke of the ram. The graduations at the bottom of 
the vise can be used for many jobs not requiring extreme accuracy; how- 
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Fig. 2-10, Using the v 


а rectangular block 


ever, for very accurate work the solid jaw should be positioned with a dial 
test indicator as shown in Fig. 2-11. The dial test indicator can be clamped 
to the shaper head and the contact point brought into contact with the 
solid jaw. Since the table feed is perpendicular to the stroke of the ram, 
it ean be used to move the vise back and forth. The vise is adjusted until 
the indicator reading is the same at both ends of the vise ja: 

‘Another method of doing this would be to lightly clamp a precision 
machinist^s square in the vise, with a piece of soft wood placed between 


Fig 2-11. Indicating the solid jaw of a shaper vise. 
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the movable jaw and the beam of the square. The square is held in a sim- 
ilar manner to that seen at D, Fig. 2-2, except that the blade is extended 
from the side of the vise instead of from the top of the vise as shown. The 
indicator is then moved along the blade of the square by slowly moving 
the shaper ram back and forth. The vise is adjusted until the indicator 
reading is the same at both ends of the blade of the square. The adjustment 
of the shaper head should also be checked to assure that the movement of 
the slide is vertical. The dial test indicator is attached to the slide of the 
shaper head and the contact point of the indicator is placed in contact 
with the blade of a precision machinist's square that is set in an upright 
position in the vise. The shaper head is then adjusted until the indicator 
reading is the same at both ends of the blade of the square as the shaper 
head slide is moved up and down, 

The workpiece is clamped in the vise with one of the ends projecting 
beyond the end of the vise and with sides registering on the solid jaw of 
the vise and on the two parallels. The clapper box of the shaper head 
must be tilted with the top of the clapper box slanting away from the 
surface to be machined so that the cutting tool can swing clear of 
the workpiece on the return stroke. The end surface is then cut by feeding 
the shaper head slide manually at the end of each stroke. The second end 
is shaped to size in the same manner. Both ends will now be perpendicular 
to all of the sides and parallel to each other. The ends of some workpieces, 
such as in Fig. 2-12, can be shaped by clamping in one end of the shaper 
vise and cutting the end by using the shaper table feed. In this setup the 
workpiece is aligned by holding it, or sometimes by lightly clamping it, 
‘against the side of the shaper table and by the solid jaw of the vise. In. 
order to balance the load on the movable vise jaw and to allow it to grip 
the workpiece uniformly, a piece of metal having the same width as the 
workpiece is held in the other end of the vise. 


Shaper Table Work 

It is sometimes not convenient to hold the workpiece in the shaper vise, 
‘The workpiece may be too large, or it may have a shape impossible to hold 
in the vise. Such workpieces can often be clamped directly to the shaper 
table, as shown in Fig. 2-13. In this operation the sides and the bottom of 
the channel in the steel casting are machined. When this procedure is 
followed, the shaper vise must be removed from the shaper table. 

‘The work is clamped by bolts that are placed in the T-slots of the table. 
Although the bolts can sometimes be placed through convenient holes in 
the workpiece, generally they are used in conjunction with strap clamps 
as shown in Fig. 2-14. These strap clamps should be kept level by means 
of а block of metal or hard wood at one end of the clamp. Often thin metal 
shims are used in conjunction with the block in order to bring the strap 
clamp to a level position. If the block is placed too close to the bolt, most 
of the clamping force will be exerted against the block instead of the work- 
piece. The block should be placed away from the bolt so that an adequate 
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Fig, 2-12. Shaping the end of a steel bar by using the table feed. The bar is aligned by 
the side of the shaper table and the solid vise jaw. A steel block is clamped inside 
the vise, opposite the workpiece, to balance the load on а movable jaw. 


amount of the clamping force is exerted against the workpiece. Thin work- 
pieces are sometimes clamped to the shaper table with toe dogs as shown 
in Fig. 2-15. The toe dogs exert a downward force on the workpiece to hold 
it to the shaper table. Thin metal shims should be placed between the toe 
dogs and the table in order to allow the dogs to clamp the workpiece 
а short distance away from the edge. If the toe dogs contact the edge of 
the workpiece, they will tend to cut through the workpiece instead of 
clamping it. A stop should be used at the end of the workpiece, as shown, 
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Ре. 2-13. Shaping steel casting by clamping directly to the shaper table using strap 
‘lamps. tops at end of casting are used to counteract thrust of shaper tool 


to prevent it from being moved lengthwise by the force of the cutting tool. 

Angle plates are sometimes clamped to the shaper table against which 
a workpiece can be clamped in order to shape one surface perpendicular to 
another. The angle plate should be checked with a precision machinist's 
square as is shown in Fig. 2-16, to make sure that it is square before the 
workpiece is clamped to it. If it is not square, paper shims can be used 
under the corners in contact with the shaper table to make it square. 
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Fig 2-16. Clamping work to the shaper table with boltaasd strap clamps. 
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Fig 2.18, Holding this work to the shaper table with toe dogs. 
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Fig. 2-18, A. Aligning workpiece with а surface gage in angular position in vise 
B. Shaping the angular surface to the layout line. 


When the time is available, however, it is best to machine the surfaces of 

the angle plate square with each other. One way of doing this is illustrated 

in Fig. 2-17. One angle plate is clamped against another, whieh, in turn, 

is clamped to the table. In this illustration, a finish cut is being taken 
34 
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with a broad-nose, cast iron finishing tool such as shown in view C, Fig. 
1-14. The vertical surface of the angle plate provides a locating surface 
against which other parts can be clamped, whenever this is convenient, 


Shaping Angular and Profiled Surfaces 


‘There are several methods of producing angular surfaces on a shaper. 
One method is to elamp the workpiece in the vise at the required angle, 
ав shown in Fig. 2-18. View A shows how the workpiece is aligned in the 
vise by using a surface gage; when it is aligned the angle is cut to the 
layout line with the shaper tool, as shown in view B. Some angular sur- 
faces are cut by positioning the shaper vise at the required angle, as in 
Fig, 2-19. The angular surface is more frequently machined by using the 
shaper head slide, whieh is positioned at the required angle, as in Fig. 


Fig.2-19, Shaper vise positioned at an angle to shape angular surface. 
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2:20. The angular position can be obtained by using the graduations on 
the shaper head. If а more precise setting is required, a dial test indicator 
attached to the shaper head slide can be used to indicate against a surface 
known to have the correct angle, such as the blade of a vernier bevel 
protractor. When using this method, it is very important that the top of 
the clapper box is tilted away from the surface being cut so that the 
cutting tool will clear this surface on the return stroke. As shown in Fig, 
221, the angular surfaces of dovetail slides can be cut by this method. 
Note how the clapper box is tilted in this illustration. In order to shape the 


Fig 2-20. Shaping an angular surface on а press brake forming die. 
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dovetail, the angular surface and the adjacent "horizontal" surface are 
machined in one setup. Figure 2-22 illustrates a compound angle being 
machined on a shaper equipped with a universal table. The workpiece is 
rotated about three axes to machine the compound angle. As shown, the 
table is rotated about two axes and the third axis is obtained by’ the 
rotation of the shaper vise. In many cases, rotation about only two axes is 
required to machine a compound angle. 

Surfaces having an irregular profile can be machined on a shaper by 


Fig, 221. Shaping n shaper head dovetail. Angular surface cut using feed of shaper 
head slide. Note correct setting of the clapper box 
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Fig 2-22 Shaping a compound angle on a shaper equipped with a universal table. 


first making a layout line of the required profile on the workpiece and 
then cutting to this line by simultaneously manipulating the table feed 
and the feed of the shaper head. With skill and care, accurate results can 
be obtained by this method. 


Shaping Keyseats and Internal Surfaces 

Internal surfaces that are not cylindrical or conical in shape are often 
most conveniently machined on a shaper, using а horing-bar-like shaper 
bar, as shown in Fig. 223. As in horing, before an internal surface can be 
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Fig. 1-23. Internal shaping of a large extrusion die using a shaper bar to hold the 
cutting took 


shaped, а hole large enough to insert a shaper bar of sufficient site must. 
be present in the workpiece. The shaper bar is attached to the ram at the 
clapper block and a single-point cutting tool is clamped to the other end 
of the bar. For internal shaping a slow cutting speed is generally used, A 
typical example of internal sh d in Fig 223. In this 
illustration tlie op n extrusion die is being machined by a tool- 
maker who is and the vertical feed 

а ntour of the die opening, whieh 
is indirated by layout № 1 оп the face of the die. Many other 
internal shaping jobs are done in a similar manner; a job often done by 
this method is cutting internal keyscats, 


CHAPTER З 


Planers and Planer Work 


Planersare used to machine plane surfaces that may be horizontal, verti- 
eal, or at an angle. Profiled surfaces сап be planed to а layout line or to a 
template if the planer is equipped with a tracing attachment. Also, a planer 
having a tracing attachment сап duplicate certain three-dimensional con- 
tours from a master, However, most of the work done on a planer involves 
the machining of plane surfaces on workpieces that range from medium to 
very large. Planer tools are single-point eutting tools that are relatively 
inexpensive in terms of their initial cost and are easy to resharpen. 

Although some of the work formerly done on planers is now done on 
planer-type milling machines using large-face milling cutters, there are 
still many jobs that ean be carried out better and more economically on 
the planer. For example, angular surfaces are often 
а planer. Planing is also the most effective method of machining some 
parts beeause of their shape and for machining long and narrow surfaces, 
Flnt-bearing and reference surfaces that are to be hand-seraped after 
‘machining are preferably machined by planing. Here the reason for the 
desirability of planers is that surfaces produced by a face milling cutter 
tend to be glazed or work hardened because of the pressure of the face 
milling cutter on the work. This glazed or work-hardened surface is diffi- 
cult to hand serape. Planed surfaces, on the other hand, are easily scraped 
since work-hardening is kept to a m on the surfaces produced by а 
single-point cutting tool. Because many plane surfaces on machine tools re- 
quire hand seraping, planers find wide application in machine tool plants. 

The operation of а planer requires a high degree of mental effort and 
mechanical skill. The planer operator must often exhibit ingenuity in 
determining the best and safest method of setting up a complex part on 
the planer table, He must have a sense of responsibility for his work, 
many of the parts which are machined on planers are very expensive. If 
such parts had to be serapped because of poor workmanship, there would 
be considerable financial loss. Good judgment must he exercised in select- 
ing and positioning the cutting tools as well as in selecting the cutting 
speed and the feed rate. For these reasons, planer work is both challenging 
and interesting. 


‘The Construction of the Planer 


The two basie types of planers—the double-housing planer, Fig. 3-1, 
and the open-side planer, Fig. 3-2—are made up of the following principal 
40 
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Fig 3-1 Large double-housing-type planer. 


Fig 3-2. Open side planer. 
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parte: the bed, the table, the housings, the top brace, the crow rail, and 
the toolheads. These do not include the drive motor and drive mechanism, 
which are of equal importance. 

Planer Ped. This is a large casting which rests on the floor and upon 
which the planer table moves back and forth. On very long planers the bed 
is sometimes made from two or more castings bolted together in perfect 
alignment with cach other (see Fig 3-15). ‘The bed must be somewhat 
more than twice as long as the planer table to support the table at all 
positions during the stroke. The top of the bed has two flat bearing 
surfaces, called the ways of the planer, on which the table slides. On 
mechanical or gear-driven planers the ways are in the form of а V-groove. 
On hydraulically actuated planers the ways are in the form of a dovetail 
slide, Since planers are usually heavy machines which must be set on а 
firm foundation, it is recommended that hold-down bolts passing through 
holes in the base of the planer bed be grouted into the foundation to hold 
the bed firmly in place. Leveling serews, screwed into threaded holes in the 
planer bed and resting on steel plates, are used to level the planer bed. 
‘The manufacturer's instructions should be closely followed for this opera- 
tion, which must be done with great care so that the bed and table ways 
will retain their accuracy indefinitely. И the planer is not kept level, in a 
short time the bed and table can become badly damaged. A new planer 
‘on a new foundation should be releveled at least once a week for the first 
month. Thereafter it should be checked periodically for being level, the 
period depending upon the stability of the foundation. 

Driving Motor. Usually located at the rear of the right side housing 
when viewed from the front, the motor on mechanical planers is a variable 
speed-reversing motor which causes the reversal of the planer table and 
provides the different table speeds. Because the speed of the driving motor, 
and thus the table, can be varied independently for the cutting stroke and 
the return stroke, a quick return stroke of the table сап be effected to 
minimize the noneutting time. A relatively simple gear train transmits 
the motion from the motor to the planer table, and a large bull gear en- 
gages a rack bolted to the bottom of the table, thus moving the table back 
and forth. The gears that move the table are located inside the planer bed 

Hydraulic Drive. Hydraulicaliy actuated planers have a large cylinder 
fastened to the bed. The piston is moved back and forth inside the cylinder. 
by alternately causing oil to fow under pressure into one end of the cyl- 
inder and then into the other end. The piston rod, attached to the piston 
which moves it back and forth, extends outside of the cylinder and is 
attached to the planer table. A variable-speed piston pump delivers 
the oil to the cylinder, thus providing the different table speeds. The speed 
of the cutting stroke is independent of the speed of the return stroke. On 
hydraulic as well as mechanical planers the length of the cutting stroke is 
controlled by adjustable dogs located on the right side of the table. 

Table Top. The planer table top is an accurate locating surface upon 
which workpieces or angle plates and other work-holding devices can be 
clamped. It is also used as a reference surface for surface gages, height 
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d precision squares when parts are aligned on the planer table 
їп making the setup. To do accurate work the planer table must be kept 
free of seratches, dents, and burrs. Accurately machined T-slots, machined 
lengthwise on the planer table, are used to anchor clamping bolts to the 
table. A group of holes is drilled and reamed into the table top at regularly 
spaced intervals, and stop pins for clamping the workpicee are placed 
in these holes. To prevent chips from falling onto the ways of the bed 
troughs have been placed at each end of the table. 

Housings. The planer housings, whieh arc bolted to the planer bed, are 
used to carry the eross rail. Located inside the housings are heavy counter- 
weights for the eross rail, and some planers have additional counterweights 
for the cross rail toolhead slides. As its name implies, the double-housing 
planer has two housings to support the cross rail at each end. The open- 
side planer has only a single housing, sometimes called a column, which 
carries the cross rail like a cantilever beas 

Double-housing planers have a large casting at the top, called the top 
brace, which connects the two housings together. Ways are machined on 
the face of the housings on which the cross rail can slide when it is adjusted 
up or down. This up or down movement of the cross rail is accomplished 
by rotating an elevating serew mounted on the outside face of the housing. 
Side toolheacls ean also he mounted on the ways of the housing, Similar 
in construetion to shaper heads execpt for being provided with automatic 
power feeds, the side heads ean be moved vertically along the ways of the 
housing and horizontally, or at an angle, by means of the toolhead slide. 
‘The side toolheads have a clapper box and clapper block to prevent the 
tool from rubbing on the workpiece on the return stroke. 

Cross Rail. The construction of the toolheads that are mounted on the 
‘ross rail is essentially the same as that of the side tootheads. Both the 
power and the manual feeds ‘operator's position 
‘on the right side of the machine and also on the 1 
Thus, it is not necessary for the operator to elimb over the machine to 
operate the cross rail toolheads. On some planers the toolheads may be 
moved about rapidly by means of а rapid traverse mechanism. Planers 
сап have one or two toolheads mounted on the cross ra 

The cross rail may be raised or lowered to accommodate different sizes 
vs; however, it must always be firmly clamped to the housings 

eut 

‘To plane a surface parallel to the top of the planer table, the toolhead 
must feed the cutting tool parallel to the table top. This can only be done 
when the cross rail ways, upon which the toolhead slides, are parallel to 
the table top. Some modern planers have an automatic eross rail leveling 
tlevice which positions the eros rail parallel to the table top before it is 
clamped to the housings. Most planers found in industry today, however, 
do not have this feature. 

‘The alignment of the cross rail with the table top should be periodically 
checked. Before this alignment is verified, however, the toolhead or tool- 
heads should he positioned in the approximate center of the eross rail. The 
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cross rail is then loosened and lowered until a dial test indicator attached 
to а toolholder can reach the table top. Next, the cross rail is clamped to 
the housings. (The tootheads should be centered on the eross rail whenever 
it is raised or lowered as this equalizes the strain on the elevating screws.) 
After a dial test indicator is fastened to a toolholder which is clamped in 
а toolhead, the toolhead is moved along the cross rail thereby moving the 
indicator across the table top. Finally, the indicator is read, and adjust- 
ments are made to the cross тай if required. 

The method of adjusting the cross rail depends upon the construction of 
the planer. On some modern planers one of the clevating serews operates in 
anut that ean be rotated when the serew is stationary. This rotation moves 
‘one end of the eross rail up or down while the other remains stationary. 

Planers not equipped with the adjustable clevating nut feature are more 
difficult to adjust. If the parallelism error of the eross rail on such plan 
‘exceeds approximately 012 inch, the cross rail may be adjusted by dis- 

aging the gears that operate the elevating serew and indexing the gears 
‘one tooth. If the error is from 005 to .010 inch it is corrected by replace 
ing the thrust washer under one of the elevating screws with a thicker 
washer, If the error is less than 005 inch—perhaps the error has been 
reduced to this amount by one of the other methods—a light truing-up eut 
should be taken aeross the planer table with a hroad-nose finishing tool 
asat G, Fig. 


ers the cross rail i connected to a large casting called 
which in turn clamps to the housing. The cap screws connecting 
the cross rail to the knee have sufficient clearance in the eap-serew holes to 
permit leveling of the cross rail, which pivots on a «tud located near 
right end. With the eap serews that clamp the cross rail to the knee Joos- 
ened slightly. two adjusting serew» located at the left end of the rail are 
turned until the erose rail ts level. On openside planers the toolhead, or 
tonlhends, should he positioned on the right side of the cross rail when it 
is being raised or lowered. 


Planer Cutting Tools 

Single point cutting tools similar in design to lathe and shaper tools are 
used on planers. Almost all planer tools are made from high-speed steel or 
cemented carbides, and are generally made large enough to withstand the 
loads imposed on them by the heavy cuts that are frequently taken. Gr. 
cast iron can be ew with straight tungsten carbide. Plain carbon and 
alloy steels must be cut with erater-resisting grades of cemented carbides. 

Planer tools are sometimes made from large, solid high-speed steel hare 
that are ground to a cutting edge at one end. This practice, although it 
provides a strong and rigid cutting tool, is expensive. Toolholders made 
from less expensive heat-treated steel can be used to hold high-speed steel 
inserts. Two toolholders, a straight and a gooseneck holder, and some 
typical high-speed steel-cutting tools are shown in Fig. 3-3. The high- 
speed steel tools, forged and ground to shape, are held in the toolholder 
by the wedge action of the serrated locking seat. 
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Contey of The Apes Teel & Cater Co. Ine, 
Fig 3-3 Straight and gooseneck-ty pe planer toolholders with cutting tools 


А group of planer tools that are used with the tootholder in Fig. 3-3 are 
illustrated in Fig. 3-4. A "straight round-nose tool," shown at A, is used to 
take roughing and finishing cuts on steel and cast iron. The "straight side 
roughing tool” at B is employed for cutting up to shoulders and for other 
operations the shoulder formed by the cut must be approximately 
square. The “diamond-point tool” at C can take roughing cuts where a 
square shoulder is not required. This too! has the advantage of a large lead 
angle that allows cutting with a somewhat greater feed rate. The "hog- 
nose tool" at D is similar to the round-nose tool at A, except that its larger 
nose radius has a greater tendency to eliminate feed marks. Without tak- 
ing a final finishing cut, the hog-nose tool сал cut surfaces finished to size 
by taking one or two fairly deep cuts. The tool at E, called a “bottom- 
finishing tool,” can take vertical and angular cuts when feeding with the 
toolhead slide. Designed to cut primarily with the end-cutting edge in- 
stead of the side-cutting edge, this tool can be used to cut large shoulders. 

‘The “dovetail tool” at F is used to machine dovetails on the planer. 
Cast-iron surfaces are best finished with а “broad-nose finishing" tool like 
the one at G. A gooseneck type of toolholder should be used to hold this 
tool. All of the cutting is done by the end cutting edge. When finish planing, 
with this tool the depth of cut should be very shallow and the feed per 
stroke should be coarse—almost equal to the width of the cutting edge. 
‘The broad-nose cast-iron finishing tool produces good surface that ean 
easily be hand-seraped if required. 
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А "steel-finishing tool” is found at H. Similar to the tool shown at C 
(see Fig. 1-12), this tool has a cutting edge on the face on the side rather 
than the face shown at the front. The end-cutting edge of the tool pro- 
duces a tightly curled chip with a shearlike cutting action. When properly 
used, the stcel-finishing tool provides an excellent surface finish. The tool 
at Lis a key-seating tool used to cut keyseats and slots. Radii are formed 
with the “double radius-forming tool” at J. The “offset diamond-point 
tool” at K and “offset round-nose tool" at L аге used to take heavy verti- 
cal and angular roughing cuts. 

High metal-removal rates ean be achieved on modern planers using 
cemented-carbide cutting tools. Every effort must be made to clamp the 
workpiece seeurely to the planer table in order to eliminate vibration 
when planing with carbide cutting tools. If two or more workpicees are 
planed simultaneously in a "string" or tandem fashion, as in Fig. 3-16, 
the ends should be butted very closely together or separated at least 6 to 
8 inches, Butting the workpieces together results in a continuous cut with 
less shock to the cutting tool. Tool breakage can result, however, from 
chips trapped between the workpieces. This problem is not likely to occur 
when the parts are spaced further apart. 

In carbide planing it is very important for the correet grade of carbide 
to be used. Quite often an incorrect grade will fail rapidly while another 
grade will cut for a long time before requiring replacement, For heavy- 
duty carbide planing, toolholders with mechanically held inserts are ree- 
ommended. When deep euts on ductile metals are taken, carbide tool 
breakage often occurs as the last few cuts are made on the workpiece, This 
breakage is caused by the deflecting of the thin flange of metal remaining. 
to he cut. The flange springs away from the tool because of the cutting 
forces. As the tool continues through its cut, the flange will spring back 
and rub against the flank of the tool, generating heat as a result of the 
friction, Furthermore, at a subsequent stroke, the springhack of the flange 
will cause the tool to take а heavier cut, which is equivalent to increasing 
the feed. These actions, which can cause the carbide tool to fail, ean be 
eliminated by disengaging the automatic feed for the last four or five 
strokes and feeding the tool manually to finish the cut. A large lead angle 
will reduce the tendeney of the thin flange to spring hack because it will 
have a thicker root. The lead angle, the angle between the side-eutting 
edge and a plane perpendicular to the surface being cut (sec Chapter 7, 
Volume 1), should be from 30 to 45 degrees. Also, the length of the planer 
stroke should he adjusted to provide an even cutting speed for the length 
of the cut. 


Cutting Speeds for Planing 

Many factors must he considered when selecting the cutting speed for 
planing. The size and the weight of the workpiece must be given consider- 
ation because it is dificult to start and to stop a large mass. Compensation 
must be made when it is necessary to use a large overhang of the cutting 
tool to reach inaccessible surfaces. Possible variations in the hardness of 
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castings must be taken into account. These variations are caused by heavy 
and thin sections in castings which cool at different rates. Weldments may 
have hard spots near the weld which can quickly dull the cutting edge of 
the tool. Other considerations peculiar to the part or the manner in which 
it is set up on the planer may influence the selection of the cutting speed. 
AIL of these factors must be evaluated in selecting the cutting speed for 
planing. The tables of recommended cutting speeds for planing provide 
useful information on the best cutting рес at which to operate the tool; 
whenever possible, this speed should be used. In many situations, however, 
it is necessary to use a reduced cutting speed for the reasons given. 

The recommended cutting speeds for planing are given in Tables 3-1 
and 3-2. These tables are based on the ability of the tool to cut at these 
speeds, yet have a satisfactory tool life. This is determined primarily by 
the type of work material, the hardness of the work material, the type of. 
cutting tool material, the feed rate, and the depth of cut. For customary 
inch units, the cutting speed is given in terms of feet per minute (ipm); 
in metric units, it is in terms of meters per minute (m/min). Inch and 
metrie eutting speeds ean be converted from one to the other as follows: 


Table 3-1. Recommended Cutting Speeds for Planing Plain Carbon and 


Alloy Steels* 
paara Cutting Speed, | 
Material ысым ipm. 

HSS, | Curie 
Гю 
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Bm 
70 
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К 
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err Susie S Tow wo [ 56 
Austenitic Stainless Stel Tue [ 4 
1318 | 56 
Marten Stainless Stel ЕНЕ 
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* Based on feed rate of 030 inch per stroke and depth of cut of 250 inch. 
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Table 3:2. Recommended Cutting Speeds for Planing Cast Metals* 


Gating Sec, 
mae DEL 
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сау Cot ron Gum | Hows | w | 
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[rp par Er | © | 
" Т 
"m 
ию и | i 
ЕИ im 
тоодо в | 200 
mom | w | io 
фор в рш 
оине Cast Iron (Date гов) wis mm 
Bus | 
Бою юш 
mom m uw 
Sori | = | 8 


“Based upon a feed of 030 inch per stroke and a depth of cut of 280 inch 


Table 3-3. Feed and Depth-of-Cut Factors for Planer Cutting Speeds* 


Feed Factors, Fr Depth of Cul Factors, Fy 
= шам: 
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* To be wed with Tables 34 and 3-2. 
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To obtain the cutting speed in m/min, multiply fpm by 3048; to obt 
рт, multiply m/min by 325, or divide m/min by 3048. In Tables 3-1 
d 3-2, HB, Brinell Hardness Number, is also sometimes designated, 
‘Bhn.” The values in these tables will give a satisfactory tool life when 
the feed rate is 030 in. per stroke (0.76 mm/=troke) and the depth of eut. 
is 250 in. (6.35 mm). To obtain the same approximate tool life when the 
feed and depth of eut are different, the feed and depth-of-cut factors in 
‘Table 3-3 should be used as follows: 


Y 


VEL, (82) 
‘he modified eutting speed, pm or m/min 

"he cutting speed from Tables 3-1 and 3-2, fpm or m/min 
ecd factor from Table 3-3 

Depth of eut factor from Table 3-3 


‘This formula ean be used with cither inch or metric units; however, only 
inch units or metrie units can be used in any one case. 


Example 3-1 
А casting made from a Class 30 gray cast iron is to be machined on a 

planer using a high speed steel cutting tool. The feed rate will be .015 inch 

per stroke and the depth of cut is to be 500 inch. Calculate the modified 

cutting speed. 

(From Table 32) 


(From Table 3-3) 
(From Table 3-3) 


‘The cutting speeds calculated by applying the two given factors in Table 
3-3 will sometimes exceed the maximum speed available on the machine. 
When this occur, use the maximum table speed. The horsepower available 
‘on the machine, the rigidity of the setup, and the strength of the cutting 
tool impose limitations on the size of the cut that ean be taken. The final 
selection of planer eutting speeds and feed rates must be tempered by sound 
judgment. In other words all aspects of the job must be considered. 

The best method of finish-planing gray east iron surfaces is to use a 
broad-nose cutting tool such as shown at G, Fig. 3-4. The end-cutting edge 
of this tool is positioned parallel with the table or surface to be machined 
When a good quality surface finish is desired, the depth of cut should be 
from 001 to .003 inch; when the quality of the finish is less important, 
а depth of cut up to 005 inch can be used. The feed rate usually varies 
from % to I inch per stroke or approximately .75 by the width of the eut- 
ting tool. The recommended cutting speed for this operation can he found 
in Table 3-4. An excellent surface finish can be obtained which is easily 
hand-seraped when required. The large feed rate causes the tool to traverse 
over the workpiece in a relatively few number of strokes and in a compar- 
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Table 3-4. Recommended Cutting Speeds for Finish 
Planing Gray Cast Iron with Broad-Nose 
Finishing Тоо!" 


ЕЕ 


f 
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atively short time. Thus, there is less wear on the cutting edge, and the 
planed surface will be a true plane. Since the wear on the cutting edge is 
distributed over the greater length of the cutting edge, the effective wear 
at any one point is reduced. 


Setting Up Work 

Setting up a workpiece on a planer table, like selecting and positioning 
cutting tools, requires skill, experience, good judgment, and a high degree 
of ingenuity. This, however, serves to make this work most interesting and 
challenging. Each workpiece encountered is unique, but certain basie 
knowledge must be applied in determining the best setup. 

The tooling used to make setups on a planer is called the planer furni- 
ture. A plentiful supply of this furniture, shown in Fig. 3-5, should always 
be at hand. In Fig. 3-8, CO-1 through СО-4 are strap clamps; CO-1 is a 
plain strap clamp, СО-2 an offset strap clamp, CO-3 a U-strap clamp 
with a pin end, and CO-4 a pin strap clamp. The pins on the strap can be 
used to set a strap clamp in a cored or drilled hole. CO-6 is a T-slot bolt 
with a nut and a washer. The nut in CO-8, a removable T-slot nut, can be 
lifted in or out of the T-slots on the planer table by a simple turn— without 
running the nut along the length of the slot. Stud CO-7 is serewed into this 
nut to make a very effective clamp serew. CO-9 is a stop pin primarily 
used to prevent the workpiece from sliding along the planer table. The 
round stop pin is placed in one of the drilled and reamed holes on the 
planer table. Stops can also be placed in T-slots, as for example the T-slot 
stop bracket CO-5 and the T-slot stop block CO-11. A screw jack is shown 
at CO-12, CO-10 is a chisel point. 

An end view of a workpiece set up for having the top and the right sides 
planed is shown in Fig. 3-6. The workpiece, CN-1, is clamped to the table 
by strap clamps CN-6 and CN-7. The offset clamp at CN-6 allows the 
cutting tool to clear the clamp stud CN-8. Planer setups must be designed 
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3-5 Optional typical planer "furniture" used for setting-up workpieces 


SET CLAMPS LEVEL 


Fig. 38. An end view of a casting set up for planing. 


so that the surfaces to be machined and the path of the cutting tool are 
free of clamps and obstructions. The pin clamp CN-7 allows the cored hole 
in the workpiece to be used as a clamping surface. The strap clamps should 
be set level, with metal or hardwood heel blocks used to support the heel 
of the strap clamps. The proportional amount of the clamping force of the 
bolt ог stud that is transmitted to the work is directly related to the dis- 
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tup of а draw die for planing. The die is placed on screw jacks because of 
d shape of the lower part of the die. The upper surfaces must be kept 
free for machining, 


tance between the bolt and the workpiece, and the distance between the 
bolt and the heel blocks. In order to transmit the maximum available 
clamping force onto the workpiece, the bolt or stud should be positioned 
as close to the work and as far from the hee! block as possible. The screw 
jack CN-5 is used to prevent the clamp CN-6 from bending or springing 
the overhanging part of the workpiece. Without the screw jack the top 
surface of the workpiece would not be finished to a plane surface, for when 
the clamp CN-6 is released, the overhanging portion of the work springs 
back up and the finished surface on the top is no longer plane or flat. Cure 
must always be taken to make certain that the clamping action of strap 
clamps does not bend the workpiece. Metal shims should be placed between 
the table and the workpiece underneath the clamps if the work does not 
seat firmly on the table and if the opening is too small for a serew jack 
Stop pins CN-2 and CN-4, and the angle bracket CN-3, are used to pre- 
vent the workpiece from moving as a result of the cutting forces trans- 
mitted by the tool. 

Figure 3-7 illustrates а large draw die set up for machining the upper 
surface on a planer. It is placed on serew jacks because of the contoured 
shape of the lower surface. Since the upper surface must be kept free of 
clamps so that it can be planed, the die is clamped down with pin-type 
strap clamps placed in holes drilled in each end for this purpose. An 
adjustable block supports the other end of the strap clamps. Bracing 
jacks, also called telescoping braces, are used as end stops to counteract, 
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the thrust of the cutting tool. In Fig. 3-7 the braces сап be scen sloping 
from the table to the ends of the die. While their purpose is to counteract 
the cutting force, braces must be installed at both ends of the die to 
counteract each other when the planer is not eutting. 

Thin workpieces are held by toc dogs or by chisel points, Their names 
are often used interchangeably, and toe dogs or chisel points ean be used 
with equal effeetivencss on most setups. In Fig. 38, a toe dog is shown at 
А and two styles of chisel points are shown at В and С. They exert a 
downward foree on the workpicee to hold it firmly against the planer table 
When clamping thin workpieces, two toe dogs or chisel points should 
always be placed opposite cach other on either side of the workpiece, as at 
D, Fig. 38; and, as many pairs as required by the length of the workpiece 
are used, When the workpiece is somewhat thicker, аз at E, a toe dog or 
chisel point ean be used on one side of the workpiece while itis held by а 
top on the other side. The clamping foree is obtained by tightening the 
serew on the serew bracket or serew pin placed behind cach toc dog and 
cach chisel point. Serew brackets have a rectangular shape and fit into 
the T-slots while serew pins are round and fit into holes provided in the 
planer table. All of the toe dogs or chisel points should contact the sides 
of the workpiece at very nearly the same height above the planer table. 
This in accomplished by placing the same size shim under each toe dog or 
chisel point while it is being clamped in position, after which the shim may 
be left in place or, if loose, it may be removed. The shim also prevents the 
toe dogs or chisel points from contacting the edge of the workpiece, whieh 
may be erushed by the clamping pressure thereby releasing the clamping. 
force. One or more stop pins must always be placed against the front end 
of the workpiece to resist the thrust of the cutting tool and to hold the 
workpiece in place during the eut. Toe doge and chisel points make slight 
indentations in the sides of the workpiece. When this is not permissible, 
the setup shown at Р in Fig. 38, ean be used, In this setup the workpiece 
is sandwiched between picees of moist paper, such as drawing paper, and 
рісес of mild steel, such as key stock. A deep center punch mark is made 
in each piece of key stork to contain the points of the toe dogs. When the 
clamping foree is applied, the toe dogs hold the key stock and the work- 
piece firmly against the table. The friction created by the moist paper 
holds the workpiece against the key stock, whieh in turn is clamped by the 
toe dogs. 

Toe clamps, Fig. 3-9, can also be used to lamp thin workpieces, and 
also those that are somewhat thicker, in à manner similar to chisel points 
and toe dogs. The clamp jaw, or toe, is serewed down at 45 degrees to 
exert an equal downward and outward clamping force against the work- 
piece. Toe clamps are available in different sizes and as they are not 
confined to planers, they can be used to clamp workpieces on drill presses, 
shapers, milling machines, and on lathe faceplates. 

In setting up the workpicee on the machine tool table, it must be aligned 
before itis elamped in place. Surfaces that have been previously machined 
or otherwise finished are helpful in making the alignment. Finished sur- 
faces are excellent reference surfaces; they ean be placed against the top 
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SHM- USED WHEN. 
SETTING UP 
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PAPER 
KEY STOCK 


F п 


Fig. 38 A. Toe Чок; B. Chisel point: C. Chisel point; D. Setup for planing thin 

workpieces; E. Setup for planing slightly thicker workpiccrs; F. Setup for planing 

thin workpieces. Key stork and moist paper weed to prevent toc dos from indenting 
the sides of the workpiece. 


of machine tool tables or against the face of an angle plate that has been 
imed beforehand. Dial test indicators ean be nsed to indicate on finished 
surfaces to align the workpiece with respect to the movements of the 
machine tool table or the path of tool. The ai 

previously ned ог finished 
aligning the workpiece on the n: 
= and forgings as received from the foundry or the forge shop 
ave finished surfaces. With all of the surfaces being more or less 


do not 
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Cosmo Nertnvestern Tonin Ie 


Fig. 3-0. Toe clamps used to clamp workpieces to a planer table while performing & 


ieult task to align the casting on the machine tool 
when setting up in preparation for the first machining operation. Although 
there are exceptions, it i wually best to make a layout on the castings 
before they are machined, ax sleseribesl in Vol. 1, Chapter 3, of Machine 
Shop Practice. In many cases a should ‘also be made on rough 
forgings. A layout will reduce the inl simplify the work involved 
in setting up the workpiece; it wil т the ehance of error which 
might result in having to serap the workpiece 

As ип example, in Fig. 3-10 а rough, unn: 
aligned on a planer table. А layout оп this casting with Sy, Sy, 
and Sa as setup lines, while Af, and Mf, are lines defining the location of 
surfaces to be machined: they are used a» a guide when eutting these 


rough, it ean be a 


ined casting is shown being, 
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Fig. 3-10. Procedure for aligning a rough casting on а machine tool (planer) table. 


surfaces. The firt step is to the casting so that S, is perpendicular 
to the side of t т table, or to its direction of travel; the second 
Мер is to align the casting so that Sy is parallel to the top of the planer 
table. Sp could ће aligned by а large square against the side of 
the planer and with a steel rule, measuring the distance hetween the blade 
of the square and Sr, both at the front and at the rear of the casting. 
When both measurements is aligned. This job can 
he greatly simplified hy. setup line, Sa, on the casting, 
which is seribed perpendicular to Sr. As shown in Fig. 3-10, the casting 
сап be aligned by simply using a steel rule to measure the distance from 
the side of the planer table, or from the edge of а T-«lot, to Sy. This 
measurement is made on hoth sides of the casting, and when these 
surements are equal the casting is aligned. Sy is aligned parallel to the 
top of the planer table hy ing a surface gage as a height gage, as shown 
in Fig. 3-10. If necessary, place shims or wedges below the casting until 
the seriber point of the surface gage сап touch any part of the layout line, 
Sy, on all four sides of the casting. In the setup shown, it will be sufficient 
if the surface gage seriber point can touch Sy at any point on the two 
sides and at the hack of the casting. Both alignments should be checked 
before clamping the casting in place and again after it has heen clamped. 
Ma and М» tse Fig. 310) should not he uscd to align the casting; they 
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are used as a guide when machining the surfaces that they encompass, In 
some cases, however, a layout linc is intended to serve the dual purpose 
of а setup line and as a guide for machining (see Fig. 3-14 in Machine 
Shop Practice, Voi. 1). Sometimes a setup linc is used as a reference line 
to which a surface is machined; however, the surface is not machined 
directly to this line. For example, in Fig. 3-10 the face of the boss must be 
‘machined. A layout line to which the boss can be machined is not made 
оп the boss because it is dificult to reach the boss with the surface gage 
seriber point when laying out the casting. In this case the layout line, Sy, 
is aceurately seribed with respect to a predetermined feature of the east 
ing, which also determines the location of the face of the boss. The boss 
is then machined until the distance between its face and S, is the required 
amount, measured with a steel rule and а straightedge placed across the 
face of the boss. 

А rough surface must sometimes be aligned paralle! to the top of a 
machine tool or layout table. A dial test indicator cannot be used for this 
purpose because the rough surface would eause too great variations in the 
readings to obtain a representative result, These normal irregularities can 
һе averaged out by the fee! of th point of the seriber attached to the 
surface gage, when the surface gage i= used as a height gage, as in Fig. 
3-11. Set up as shown, the surface gage is adjusted until the bent point of 
the seriber just touches, but docs not serateh, the surface to be aligned. 
Then the entire. the feel transmitted by the 
seriber to determine the parallelism of the surface, The surface will be as 
parallel to the table as it i possible for a rough surface to be when the 
surface irregularities are felt to be generally uniform, and when по con- 

пу inereasing drag ie felt in any direction a the surface is being 
‘canned, with the exception of loca? high spots 

Stresses of sufficient magnitude to bend large or small metal parts ean 
exist inside metals. These stresses, called residual stresses, are usually bal- 

eed by other residual stresses in the workpiece. When the material con- 
taining these stresses is removed by а metal-cutting operation, the opposite 
stresses become unbalanced and distort the part until a balance of stresses 
is again achieved. The machining operation is one of the causes of ad- 
ditional residual stresses, which further complicates matters. The residual 

esses due to machining сап, in some cases, be large enough to bend 


Fig. 3-11. Using a surface gage to test a rough surface for parallelism with the table 
‘of a machine tool. 
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the part. Other causes of residual stresses may be unequal cooling rates 
during solidification їп heavy and thin sections of castings, working the 
metal beyond its yield strength such as cold rolling or cold drawing, and 
unequal cooling rates in heat treatment. The residual stresses сап be re- 
moved from all metals by a stress-relieving heat treatment, although this 
procedure is not always practical or economical. Furthermore, the heat 
treatment may cause significant losses in mechanical properties of the 
metal, whieh in some cases cannot be tolerated. Therefore, many parts 
must be machined which have "locked in” residual stresses. 

tis not possible to determine how much or, sometimes, in what direction 
а part will bend because of residual stresses. In some cases, depending on 
its shape, the part will not distort any measurable amount at all—as for 
example, a cube-shaped piece of metal. In other instances the distortions 
caused by residual stresses can result in very large dimensional inaecu- 
racies. When present, their effect ean be overcome by using the following 
procedure. The workpiece should first be rough-machined all over. It is 
then unclamped completely from the machine and allowed to distort. It is 
then reelamped, with great саге taken not to allow the force exerted by 
the clamps to bend or spring the part. Metal shims should be placed be- 
tween the table and the workpiece below the elamps and in other areas 
that do not seat on the table to prevent springing the part. Finishing cuts 
are then taken to remove the effects of the distortion and produce а plane 
or flat surface. Thin workpieces, such as shown in Fig. 3-8, will often dis 
tort an excessive amount if the “locked-in” residual stresses are great. Such 
workpieces must be machined by removing а small layer of metal from 
‘one side and then by turning the part over and removing a small layer from 
the other side. Turn the part several times, planing one side and the other 
in order to minimize and, if possible, neutralize the distortion caused by the 
imbalance of the residual stresses when a layer of metal is removed. 


инок 


‘The variety of work and the variety of setups that ean be done on planers 
are without limit. The setups and jobs illustrated and discussed in this 
section suggest ways and means of doing other planer work that might be 
‘encountered. In addition to reading the subject matter, it is suggested that 
а careful study of the illustrations be made, with attention given to such 
details as the positioning of cutting tools and the setup of the workpiece 
on the planer. 

А die block is being planed on the open-sideplaner shown in Fig. 3-12, 
Heavy simultaneous cuts are being taken by the erossrail and side tool- 
heads on the top and side surfaces of the workpiece. The planer in Fig. 
3-13 is planing a vertieal surface using the vertical feed of the erossrail 
toolhead. The clapper box is tilted to allow the cutting tool to clear the side 
of the workpiece as the clapper block is lifted on the return stroke. It is 
interesting to note that the workpiece in this illustration is a planer table. 
The cutting tool is cemented carbide, which must take a difficult inter- 
rupted cut as it cuts across the cored openings in the side, 
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Fig. 3-12 Planing a die block. The horieontal and vertical surfaces 
are cat simultaneously 


In Fig. 3-14 the base of a cylindrical grinding machine is being planed 
with cemented-carbide cutting tools. The ways on the grinding machine 
table are being planed by the erossrail toolheads and the pads on the side 
of the table are planed with the side toolhead on the housing. Figure 3-15 
illustrates a large casting being machined on an open-side hydraulic planer. 
‘The planer bed is made of three sections that are bolted together. Strap 
clamps are used to hold the workpiece to the table, and stop pins are used 
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Fig 3-13. Taking a vertical eut when planing the side of a planer table on a plane. 


to prevent it from shifting. Large telescoping braces are positioned against 
the end of the workpiece. These braces support the work high above the 
table in order to counteract the thrust of the cutting tool when the top of 
the workpiece is planed. Two low braces used to provide additional support 
serve practically the same purpose as stop pins. Telescoping braces are 
made from heavy pipe into which a telescoping screw is placed. An adjust- 
ing nut is used to tighten the screw against the end of the workpiece. The 
end of the telescoping screw that is placed against the workpiece is fork- 
shaped. The V-shaped groove, which forms the fork, fits firmly against 
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Fig 3-14 Planing « cylindrical grinding machine base 


the corners on the workpiece. Telescoping braces are essential when plan- 
ing tall workpieces like the one shown. Parts are sometimes “strung up" in 
tandem fashion, illustrated as in Fig. 3-16. In this way two or more parts 
сап be planed simultaneously with a considerable reduetion in time and 
cost of operation. The parts that are being planed in this illustration are 
planer clapper boxes or tool boxes as they are also called. The two tool- 
heads are taking simultaneous vertieal “straddle” euts with the left-hand 
head planing the boss and the right-hand head planing the side of the 
clapper block seat. When the other side of the clapper box is planed, 
the left-hand head will cut the inside face while the outside head planes 
а boss located on the outside face. The clapper boxes on the planer that 
are doing the cutting are tilted to allow the cutting tools to clear the work- 
pieces on the return stroke. The workpieces are clamped to the table by 
‘means of chisel points, and stop pins are placed at the ends of each casting 
to prevent any movement caused by the thrust of the tool. 

A very interesting job is shown in Fig. 3-17. Two steel bars are clamped 
to the planer table by chisel points and stop pins. Two cemented-carbide 
cutting tools, a roughing and a finishing tool, are set to cut simultaneously 
on the special double cutting head. The roughing tool is set behind the 
finishing tool, even though it leads the finishing tool in taking the first cut 


Ch.3 PLANERS AND PLANER WORK 63 


сезин of the Rochford Machine Too! Company 


Fie 348 Pissing a large casting on an opon end planer 


as the toolhead is fed from right to left. The finishing tool, a stecl-finishing 
tool similar to that at H in Fig. 3-4 and C in Fig. 1-11, produces the long 
curled chips which ean be seen on the planer table 

In planer work much of the total time required to do a job is spent in 
setting up the workpiece on the planer table. Naturally, during this set- 
ting-up process the planer is necessarily idle and does not cut. To increase 
the amount of time a spends cutting, the planer ean have duplex 
tables, as shown in Fig. 2-18. Work is set up on one table while the part. 
held on the other table is planed. A quick-acting precision latch arrange- 
ment moves cach table from the cutting to the loading position. The rear 
table is, of course, loaded from the rear of the planer. 

Angular cuts may he taken o a planer by tilting the planer head at the 
required а ng th the bead. An angular eut is being 
taken with each cross rail head in Fig. 3-19 to eut a dovetail slide on three 
castings whieh are “strung wp” in tandem fashion on the planer table. The 
castings are clamped by bolts placed through openings inside the castings. 
Angular euts may also be taken by the side heads of the planer. 

‘Modern planers are sometimes equipped with t 
enable them to machine contours, These attachme 
ing attachments that reproduce the form of a mas 


cer attachmente whieh 


are essentially copy- 
т or a tempiate, As an 
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Fig 346. Planing small pl 


example, in Fig. 3:20, contoured s planed on two work 
pieces that are set up end-to-end on ‘A template mounted 
оп the planer eros rail controls the vertical movement of the cutting tool 
us it is fed across the workpiece by 

ally). In this manner the ten 


planer feed mechanism (or manu- 


contour is reproduced on the work: 


Estimating the Power Required for Planing and Shaping 


Since planing and shaping are very similar operations, the power 
quired to perforin these ope be estimated using the same formu: 
Ins, whieh are given below. Tables 5-10, 3-11, 512, 5-13, and 5-15, provided 
in Chapter 5, ши! be used with ıe tool wear factor, W 
is always equal to 


ге used; since’ the 
taken place on the 


cutting tools are nor 


cutting edge, a tool wear factor of 1.30 is normally used. 


For inch units 


Q-i2vjd (3-2) 


Fig 3-17. Rough and finish planing steel bars simultaneously with a double 
‘cutting head. 


For SI metrie u 


Y 
Qm id (3) 
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Ри. 3-20 Contour planing vine a tracer attachment to guide the path of the 


For either inch or Si metrie units 


K,CQW (3-4) 
Pas [y 

Where 

Р,= Power at the cutting tool; li or kW 

Р„= Power at the motor; hp or kW 

K,= Power constant (See Tables 5-10, 5-11, and 5-12) 

Q= Metal removal rate; in.*/min or cm'/s 

W = Tool wear faetor 

C= Feed factor for power constant (See Table 5-13) 

E= Machine tool effiicney factor (Sce Table 515) 

V= Cutting speed; fpm or m/min 

f= Feed rate; in./«troke, or nun/stroke. 

а= Depth of eut; in. oF 


Example 3-2 


А 175-200 HB steel casting is to he plat 


d, removing % inch of stock 
in one eut. The ved is to be 60 ipei and the feed rate is to be 
(030 in, /stroke. Estin 


red to take this eut. 
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K,=.78 (From Table 5-11); C=83 (From Table 5-13); 


80 (From 


1in2/min 
78x 83хВ.1х13=65һр 


Shp 


CHAPTER 4 


Milling Machine Construction 


The milling process is used to produce a variety of surfaces by using & 
cireular-type cutter with multiple teeth or cutting edges which successively 
produce chips as the cutter rotates. These cutting edges are located on 
the periphery and also often on the face of the cutter. The shape of the 
milling cutter and the path that it takes determine the shape of the surface 
produced. The funetion of the milling machine is to provide the means of 
holding and rotating the milling cutter, of holding and feeding the work- 
piece into the cutter, and of transmitting the necessary power to cut the 
metal at the desired rate. The great variety in the size and shape of parts, 
as well as advances in technology, has led to the development of many 
different types and styles of milling machines. They are extensively used 
at the present time for machining both large and small workpieces, 


Classification of Milling Machines 

Milling machines, as a class of machine tools, are very versatile. They 
аге capable of machining economically one or two piece lots as well as 
parts on a large-volume production basis. The inherent advantage of the 
milling process is the circular cutter, which is economical in first cost and 
which has а high metal removal rate since it ean bring a large number of 
cutting edges into the eut in ively short space of time. This ad- 
vantage has led to the design of a large variety of machine tools primarily 
for the purpose of milling. These сап be classified as follows: 


1. Knee-and-column- (or column-and-knee-)type milling machines 
2. Fixed-bed-type milling machines 

3. Planer-type milling machines 

4. Special milling machines. 


Further classifications of the milling machines are made on the basis of 
the type of control used, such as numerically controlled milling machines, 
and on the basis of the position of the spindle—ie., horizontal or vertical. 


Knee-and-Column-Type Milling Machines 

The knee-and-column-type milling machine is also frequently called а 
column-and-knee-type milling machine. As a very versatile machine capa- 
ble of performing a wide variety of operations, it is extensively used in 
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machine shops and tool and die shops. The distinguishing characteristic of 
knee-and-column-type milling machines is that the table can be moved 
three directions in space, as сап be seen in Fig. 4-2. Thus, a workpiece 


Courtray of Cincinnati Micron 
Fig 4-1. Plain karear 


loms-tspe milling machine. 


mounted on the table of the milling machine can be casily and accurately 
positioned relative to the spindle which contains the cutting tools, and many 
different kinds of operations can be performed. There are several different. 
types of knee and column milling machines which are described here. 
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Plain Knee and Column Milling Machine. A plain knee and column 
milling machine is illustrated in Figs. 4-1 and 4-2 The main supporting 
frame of knee and column milling machines is the column, including the 
base. The front face of the column is a machined and precision hand- 
seraped surface whieh supports and guides the knee. Being а precision 
bearing, the column face should be kept free of scratches, nicks, and other 
damage which would impair its accuracy. 

The knee slides up and down on the column face. This movement is 
actuated by the elevating screw seated on the base of the machine. The 


силет of Cincinnati Moeren 


Fig 4-2 Principal components of a plain knce-and-colume 


elevating screw is a telescoping serew—ie., one screw working inside an- 
other screw —which can be есп, in part, toward the front of the ma 

in Fig. 4-3. The elevating screw can be turned manually to raise or to 
the knee by turning the large hand crank on the front of the knee (Fig. 
4-1). A micrometer dial behind this crank permits accurate vertical ad- 
justments to be made. The vertical feed can be power-actuated on all but 
light-duty knee and column milling machines. The top surfaces of the knee 
are precision-machined and handeseraped to form a bearing surface on 
which the saddle can slide. This surface should be protected from damage; 
іе, wrenches and other tools should not be placed on it. 
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сенн ot Cincinnati Мено 
Fig. 63 Tlustration of power train of a plain kace-and-column-type milling maehine. 


The saddle slides on the knee in a horizontal direction that is parallel 
to the spindle. This feed direction is called the transverse feed. The hand- 
wheel in front of the knee (Fig. 4-1) is used to actuate the transverse feed 
by turning the transverse feed screw, which ean be seen in Fig. 4-3. A 
micrometer dial behind the handwhce! permits accurate adjustments to be 
made in this direction. On all except light-duty machines, the transverse 
feed can be actuated by power. The surfaces on the top of the saddle are 
precisely machined and hand-seraped to form a slide that is perpendicular 
to the lower slide, which works on the knee. 

The milling-machine table moves over the upper slide of the saddle 
їп a direction perpendicular to the axis of the spindle. This feeding move- 
ment, called the longitudinal feed. is actuated by a handwheel or crank 
located at the end of the table. Thus the longitudinal feed screw or lead 
screw. (Fig. 4-3) is caused to rotate in a stationary nut attached to the 
saddle. A micrometer dial behind the longitudinal feed handwheel or crank 
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permits accurate adjustments of the table to be made in this direction. 
А power longitudinal feed is also available on most milling machines. The 
tabletop is a precision reference and locating surface used to locate work- 
pieces, vises, angle plates, and other work-holding fixtures in a plane that 
is parallel to the axis of the spindle. Since the accuracy of the operation 
being performed often depends upon the condition of the tabletop, it should 
not be abused by carelessly clamping rough work surfaces to it or by placing 
heavy tools on it, А nick could result in a seraped workpiece. T-slots 
milled into the top of the table are used to retain or to anchor bolts for 
clamping workpieces and attachments to the table. The T-slots, whieh are 
‘machined parallel to the lengthwise direction of the table, can be used as 
reference surfaces when workpieces and accessories are set up on the table. 

The power train of a knee and column milling machine is shown in Fig. 
4-3. The electric drive motor is located in the column of the machine, in а 
Position where the heat that it generates has the least effect on the 
precision-sliding movements. The power is transmitted from the motor 
through a large multiple V-belt to a shaft containing a clutch that starts 
and stops the spindle. Then the power goes directly to the spindle through 
а selective speed gear transmission built into the column of the machine. 
This transmission provides the different spindle speeds that are available 
on the machine. The power for the three table feeds is taken off to the ver- 
tical shaft by means of a pair of bevel gears. The vertical shaft has a long 
spline upon which a gear slides. This gear actuates a gear train that pro- 
vides all of the power table feeds. A selective change gear box located 
either in the column or in the knee provides for the different feed rates. 
In modern milling machines the feed rate is given in terms of inches per 
minute of table travel. In addition to the three directions of power feeds, 
a rapid traverse in three directions is usually available. The rapid traverse, 
used to rapidly position the table, spares much manual effort 
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Fig. 44. Section through а milling-machine spindle. 
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The spindle i mounted on precision machine-tool grade antifrietion 
bearings which are houses in the column, as seen in Fig, 4-4. The spindle is 
hollow, А draw-in bar, shown being placed through the spindle, is used to. 
hold milling cutters, arbors, spindle. The inside of 
the spindle nose has an Ameri Machine Spindle Nose 
Taper which ix 3.500 inches per foot for all sizes. This is a self-releasing 
taper, uses to locate the eutters, arbors, or adaptors. Two lugs or keys on 
the face of the nose aet as drivers for driving the cutters, There are four 
standard sizes (No. 30, 40, 30, and 60) of milling-machine spindle nose 
tapers, the size used depending upon the size of the machine. The outside 
diameter of the spindle nose is ground to а very close tolerance. Large 
fave milling cutters, which are mounted on the outside of the spindle nose, 
are held to the spine by four socket-head eap serewa which fit into 
threader holes in the face of the spindle 

"The overarm is mounted on the top of the colinon (Fig. 4-2) or inside 
two hored holes located on the top of the e (Fig. 4-61. The purpose 
of the overmm is to support and align the arbor supports and various 
other attachments The overarm in Fig heavy rectangular casting 
witha built-in vibration achines ean be equipped 
with u rectangular ove 1 spindle or vertical 
head as shown in Fig. 4-30. This permits the machine to be used as either 
a vertical or a horizontal n hi sired, the horizontal and 
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Fig 45. Principal components of a universal knee-and-column-type mailing machine. 
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селин М B Brown & Starve Menafetering Company 


Fig 4-6 Universal column and knee milling machine milling helical dtes in 


2 milling cutter blank. 


overhead spindles could be used simultaneously. Another overarm design 
used on modern milling machines is the double overarm shown in Figs 
4-6 and 4-7. The two solid cylindrical bars that form the overarm are 
contained in two holes bored in the upper part of the column. 

Arbor supports mounted on the lower side of the overarm are used to 
hold the outer ends of long arbors on which milling cutters are mounted. 
They can be seen mounted in position in Figs. 4-1 through 4-7. Two styles 
of arbor supports ean be seen in Fig. 4-7. The one mounted on the inside 
has a larger bearing and must be used when a Style B arbor (Fig. 4-18) is 
"used. This arbor support is also used on the large bearing collar of a Style 
А arbor. The support shown on the outside in Fig. 4-7 can only support the 
outer end of a Style A arbor. The inside arbor support in Fig. 4-7, having 
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соотв of the Brown # Sharpe Manufacturing Company 


Fig. 437 Sliding-head-type universal columa-and-kare-tsye milling machine. 


a larger bearing, can support a heavier cutting load and can be positioned 
anywhere along the length of the arbor. Thus, this arbor support can be 
placed as close to the cutter as possible to provide maximum support. The 
arbor support on the outside in this illustration сап only support a Style A 
arbor at its extreme outer end, where the arbor is reduced in diameter. 
‘This type of arbor support, however, has the advantage of providing more 
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clearance below the arbor so that workpieces, vises, clamps, ete., can be 
brought closer to the arbor. This is often an advantage when parts are 
milled with a cutter having a small diame! 
Universal Knee-and-Column-Type Milling Machine. A universal knee- 
and-column-type milling machine, shown in Figs, 4-5 to 4-7, is very simi- 
in construction to а plain knee-and-column-type milling machine. 
The principal difference is in the construction of the saddle and in the 
addition of swiveling table housing (Fig. 4-6), which allows the table to be 


Fig 4-8 Vertical knee-and-columa-type milling machine. 
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Countea of Cincinnati Macros 
Fig 49. Principal compogenta of а vertical knee-and-column-type milling machine 


swiveled at an angle to the axis of the spindle. Generally the tables of 
universal milling machines will swivel approximately 45 degrees in both 
directions from the normal position perpendicular to the axis of the 
spindle. This feature extends the operating range of the milling machine 
by making it possible to cut helical grooves with cutters mounted С 
the milling-machine arbor. In Fig. 4-6, a universal column-and-knee 
milling machine s shown cutting a helical Aute in a milling cutter blank. 
A universal spiral index head is used to rotate the milling cutter blank 
as it is fed into the cutter by the longitudinal table feed. The index head is 
also used to space the flutes around the circumference. Note that the table 
is swiveled to the helix angle of the flute, A sliding-head-type universal 
milling machine is show 4-7, where the spindle head is mounted 
on a dovetail slide on top of the column. Although the spindle is rigidly 
held in a fixed position inside the spindle head, it ean be moved toward or 
away from the face of the column by moving the entire spindle head on. 
the dovetail slide. In this way the nose of the spindle сап he brought 
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as close to the workpiece as possible so that arbor-mounted cutters can 
be placed close to the nose. Thus the rigidity of the setup is improved. The 
sliding head can also reach over the table to allow spindle-mounted cutters 
such as end mills and face mills to reach surfaces on the workpiece that 
cannot be positioned close to the column. The electric drive motor and 
the entire speed change gear train are mounted on the sliding head. A 


Fig. 4-10. Tooltoom-type 


milling machine equipped with a milling head 
and a vertical shaping head. 
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Fig 4-11. Faed-bed-type milling machine for general-purpose work. 


separate motor, which ean be seen extending out from the left side of the 
knee, provides the drive for the power feeds. 

Vertical Knee-and-Column-Type Milling Machine. А vertical-type 
knee and column milling machine is shown in Figs. 48 and 4-9. The spindle 
of the vertical milling machine is located vertically, parallel to the face of 
the column, and perpendicular to the top of the table. The vertical head 
сап be moved up and down by hand or by power feed. This machine is 
especially suitable for performing operations which require the use of end 
mills and face milling cutters such as milling dies, cutting profiles, milling. 
molds and for locating and boring holes in jigs and fixtures. The vertical 
milling machine shown in Fig. 4-10 is а light-duty milling machine for 
which there is a wide range of application in toolroom work as well аз for 
performing other light-duty milling operations. Two heads are mounted 
on а ram which can be swiveled to bring either head into the operating 
position over the table. Several different heads are available. The machine 
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in Fig. 4-10has a milling head and a vertical shaping head shown at the 
rear of the machine. Both heads can be set in angular positions, The spin- 
dle of the milling head is of the quill-type construction which can be 
moved up and down like a drill press spindle. The table is fed by hand, 
although a longitudinal power feed ean be obtained as an attachment, 
‘The sensitivity and ease of handling of this machine make it especially 
adaptable for doing fine intricate work. 


Fixed-Bed-Type Milling Machines 

‘The distinguishing characteristic of all fixed-bed-type milling machines 
is the absence of the knee construction found in the knee-and-column-type 
milling machines. Some fixed-bed-type milling machines are designed for 
general purpose work while others are intended for high-production work. 
A general-purpose fixed-bed-type milling machine is shown in Fig, 4-11 
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The table сап move in a longitudinal and in a transverse direction. The 
vertieal position of the with respeet to the table i obtained by 
moving the spindle carrier up and down along the side of a column 
which is called the headstock. This arrangement is more clearly evident 
im Fig. 4-12. The rigid fixed bed beneath the table and the saddle 
minimizes defleetions andl heavy cuts to be taken, Also 
available is a vertical ling machine with the two-way 
movement of the bed. 


Contes of Cincinnati Mere 
Fig 4-13. Cincinnati Hydro-Tel 


A Cincinnati Hydro-Tel milling machin 
а vertical fixed-bed-type milling mach; 
chine rests directly on the bed and moves 
only. The transverse relationship of the spindle to the table is obtained by 
а massive cross slide onto which the spindle earrier is mounted. The 
spindle carrier moves up and down on the cross slide in order to position 
the spindle vertically with respect to the top of the table. 

‘The unique feature of the Hydro- ling machine is its sensitive 
controls in relation to its size. Such machines can perform conventional 
vertical milling operations; however, they are very frequently equipped 


ө shown in Fig. 4-13. This is 
however, the table on this ma- 
the longitudinal direction. 
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with a tracer attachment for contour and profile milling. An example of 
this work is found in Fig. 4-14, where a section of a drawing die is being 
reproduced from a plaster of Paris master. The Hydro-Tel milling ma- 
chine can also be obtained equipped with а numerical control system. 


А fixed-bed production-type milling machine is shown in Fig. 4-15. The 
table of this machine rests directly on the bed and moves in the longitudi- 
nal direction only. Designed to perform repetitive operations, the machine 


сонне of Cincinnati Meron 


Fig 4-14. Reproducing the contour of a plaster of Paris master onto я setion 
ofa drawing die 


is set up to follow a certain cycle of table movements repeatedly. The 
spindle ean be made to rotate continuously or to stop when the table feed 
is stopped. А spindle carrier provides the movement required to position 
the spindle in a vertical direction. The spindle is carried in a quill which 
сап be moved in and out of the spindle carrier so that the milling cutter 
can be positioned in a transverse direction. 


Planer-Type Milling Machines 
A planer-type milling machine is shown in Fig. 4-17. These are very 
large milling machines which do a class of work similar to that done on a 
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селш» of the Kearney & Trecher Corporation 
Fig 4-15. Fixed-bed production-type milling machine. 


planer. The construction of the planer-type milling machine resembles 
that of a planer. The table is mounted on the bed. Astride the bed and 
the table are two vertical housings which, like the planer, are connected 
together at the top by a top brace. The crossrail is mounted on the housing, 
and one or two cutter heads are mounted on tbe crossrail. Additional side 
cutter heads are mounted on one or both of the housings. Although slab 
milling cutters are sometimes used on these machines, the majority of the 
cutting is done with large-face milling cutters. The planer-type milling 
machine in the illustration has two tables. On one table a cut сап be taken 
оп the workpiece, while simultancously a part is set up on the other table 
The noneutting time of the machine can thereby be reduced. When a very 
large workpiece is to be machined, the two tables can be attached to 
each other and used аз one. 


Special Milling Machines 
There is a great variety of special milling machines. Usually these 


machines have been designed to machine one particular part ог a group 
of very similar parts. For example, the special milling machine illustrated 
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in Fig, 4-17 is used to mill a family of large screws. It will handle any 
serew from 4 to 24 inches in diameter and up to 24 feet long. The helix is 
rough cut with the large cutter above the part and finished with an end 
mill, which is held in a horizontal spindle located behind the part. A con- 
trol system developed by the builder of this machine operates the work: 
driving fixture rotation in exact relation to the table travel so that a 
number of different and highly accurate right- and left-hand leads can be 


Cesrtery of The Inger Miling Machine Company 


Fie 4-16 Planer-type milling machine. 
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селин of Cincinnati Micron 
Fig 4-17. Special helix milling machine. 


cut. Special milling machines are extensively used in the automotive and 
aireraft industries. 


Milling Machine Accessories 
Milling-machine accessories not only extend the usefulness of the ma- 
chine; some are essential to the performance of certain milling operations. 
Some of the most important accessories will be described in this section. 
Milling- Machine Arbors. Milling-machine arbors are used to hold mill- 
ing cutters in the milling machine. The cutters are driven by a key on 
the arbor and are held in place by collars which fit over the arbor. The 
collars are clamped together by a nut on the end of the arbor. There are 
two types of arbors, Style A and Style B, which are shown in Fig. 4-19. 
The Style A arbor has a small-diameter cylindrical surface atitsend. This 
cylindrical surface fits in the arbor support bushing; and its small size 
permits the end of the arbor support to be made smaller. Thus the surface 
of the work, or of the vise which holds the work, ean be brought closer to 
the arbor than would be possible with the Style B arbor. This has an ad- 
vantage when a small-diameter milling cutter is used which necessitates. 
that the workpiece be brought up close to the arbor. The Style B arbor has 
опе ог more collars of а comparatively large diameter which are used in 
the arbor support. The large arbor support bushings in which these collars 
are placed provide a better support for the arbor and allow higher cutting 
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сомнан af Cincinnati Milaeron 
Fig 4-18. Standard milling-machine arbors. Upper view, Style A arbor; 
lower view, Style B arbor. 


loads to be supported. Milling-machis 
and in standard diameters of 74, 1,1%, and 1% inches. The shank of the 
arbor has an American Standard Milling Machine Taper of a size cor- 
responding to the taper in the spindle of the milling machine on which it is 


ye arbors are made in various lengths 


Comte of Cincinnati Milaeron 


Fig. 4-19. A variety of arbors, stub arbors, and adaptors that are held 
Ча the miling-machine spindle 
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Сонови of Cincinnati Miaeron 
Fig. 4-20 The Cincinn 


Arbor-Loc® spindle-nose 


"neement for providing 
rapid change of tooling 


to be used. The arbor is located by the taper and is driven by the keys ог 
lugs on the spindle nose which fit the slots on the arbor flange. The arbor 
is held in the spindle by the draw-in bolt 

Spindle-Nose Tooting. Examples of the variety of spindle-nose tooling 
available are shown in Fig. 4-20. Such tooling is required to hold milling 


Crerteeg of Cincinnati Milacron 
Fig 421, Plain milling-machine vise. 
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Courteey of Cincinnati Micron 
Fig. 4.22. Swiveltype milling-machine vise. 


cutters, drills, reamers, drill chucks, collet chucks, and other cutting tools. 
‘The amount of tooling required depends upon the type of work to be done 
on the milling machine. Fig. 4-21 shows an end milling cutter which is held 
їп an adaptor being inserted into the spindie of а milling machine, This 
type of spindle nose provides a rapid method of changing such tooling, 
which is very helpful when а job requires a variety of operations such as 
drilling, boring, and milling without the setup's being changed. To change 


селе of the Brows & Sharpe Manufacturing Company 


Fig. 4-23 Toolmakers’ universal milling-machine vise. 
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a tool the adaptor nut is loosened with a spanner wrench and the cutting 
tool removed. The next tool is inserted; and after the adaptor nut is 
snugged up by hand, the tool is then tightened with the spanner wrench. 


Milling-Machine Vises. Milling-machine vises are an important ac- 
cessory to the milling machine. These precision tools, which should be 
handled with care, are used to hold and to locate the workpiece in the 
correct position for a wide variety of milling-machine ope 


ions. A plain 


cm 


— 


Fig. 4-24. Cincinnati All-Stee vise for holding rough workpieces 


ix shown in Fig. £21. Two keys locate on the bottom. 
surface of the vise fit into the t-slots on the milling-machine table so that. 
the vise jaws are positioned with respect to the milling-n 
The keys may be attached to position the jaws parallel to 
they may be removed and reattached to position the jaws perpendicular 
to the spindle, Swivel vises, Fig. 4-22, have the sume construction as plain 
vises with the exception of the swivel plate under the body. The swivel vise 
may be easily set to any angle with respect to the spindle. A toolnakers 
universal vise, Fig. 4-23, allows the body of the vise to be rotated in three 
planes so that the work ean be held for compound angles to be machined. 
This vise can be used as a swivel vise when it is not holding a part at a 
compound angle. The construction of all of the aforementioned vises i 
similar to that of the shaper vise. The solid jaw is accurately made per- 
pendicular to the base and the work-seating surfaces inside the vise. It can 


millingmachine 
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be used аз an accurate locating surface when а workpicce is set up in the 
vise. The movable jaw should not be used as а locating surface. 

Figure 4-24 illustrates а Cincinnati All-Steel Vise which is used to hold 
rough workpieces. Rough castings and forgings cannot be held firmly 
enough in the conventional smooth-jaw precision vises, especially when 


Fig 4-25. A universal vertical milling attachment used to mill an angular surface. 


heavy roughing cuts are to be taken. The serrated jaws of the all-steel vise 
are hardened and can hold the workpiece firmly in place. The movable jaw 
сап swivel, thereby adapting itself to the irregularities in rough castings 
or forgings and to clamping surfaces that are not parallel 

Vertical Milling Attachments. Vertical milling attachments (Fig. 4-25) 
greatly extend the range of work that can be done by horizontal-spindle 
milling machines. They are generally used to hold end milling cutters, face 
milling cutters, and sometimes arbor-mounted cutters which are held in 
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сөен» of не тыш» Manufacturing Co. Iwe. 


Fie 426, Rotary milling head. 


place with stub arbors. Made in several different styles and sizes, some 
vertical milling attachments are designed to take heavy cuts with face 
milling cutters; others are designed to have a high spindle speed for use 
with smaller end milling cutters. The universal vertical milling attach- 
ment in Fig. 4-25 is milling an angular surface on a part held in a swivel 
vise. The two graduated swivels of this attachment allow the spindle to be 


сһ.4 MILLING MACHINE CONSTRUCTION 93 


сезш ofthe Votre Метіонін Co, In 


Fig 4-27. Multi-angle milling head milling a sharp 90-degree internal corner. 


set accurately by one-half degree increments to any desired angle in any 
plane. When a vertical milling attachment is frequently needed, a milling 
machine equipped with an independent overhead spindle permanently 
mounted on the overarm can be obtained. Figure 4-29 shows such a ma 
chine. This overhead spindle, which eliminates the need for a vertical 
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Courtesy df the crues & Treen я 


Fig 4-28 Slotting a 


attachment, has the advantage of being readily available for use. Some 
smaller high-speed vertical milling attachments have a quill-type spindle 
ad shown in Fig. 4-26 is 
il ed to round 
jake special tools, dies, and molds requiring intricate 
iles and radi, angles tangent to radii, and to make one 
radius blend i ther. The head will rotate 360 degrees; it has a 
vernier type scale graduated in 3aminute intervals. A micrometer dial 
attached to the eroswfcetl serew allows precise settings of the cross slide 
to be made. 
Multi-Angle Milling Head. A 


corners and to 
combinations of 


i-angle milling head is shown in Fig. 
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4-27. This head сап be used to machine internal corners to a sharp 90. 
degree configuration with respect to three intersecting surfaces; ie, two 
sides and a bottom surface. It is an especially useful attachment for 
making molds and certain types of «lies. Other types of angular milling 
heads for milling internal surfaces, such as keyways, are also available. 

Slotting Attachment. A slotting attachment, shown in Fig. 4-28, im. 
parts a reciprocating motion to a single-point cutting tool. 1t is primarily 
used to cut internal surfaces such as keyways, splines, slots, and other 
internal geometric configurations. 

Circular Milling Attachment. A circular milling attachment is also 
shown in Fig, 4-28 Used to hold and rotate the workpieces which are being. 
slotted or milled, circular milling attachments are also called circular 
tables and rotary tables. They impart a rotary motion to the workpiece. 
Some circular milling attachments can be provided with an index plate, 
ав seen in Fig. 4-28, which is used to divide a part into predetermined 
segments or to turn the table an exact angular distance. Power table feeds 
сап also be provided on some circular milling attachments. 

Dividing Head. А universal dividing head is shown mounted on the 


Conte of Cincinnati Мше, 


Fig. 4-29. A universal milling machine equipped with a universal dividing head, a long 
and short lead attachment, and an overarm mounted independent overhead spindle 
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table of the milling machine in Fig. 4-29. It may be employed to index a 
part at a given angle or to index a part into a specified number of divisions 
such as gear teeth. The tailstock, which can be used to hold the workpiece 
between centers, is seen mounted on the opposite end of the table from 
the dividing head. A support for slender workpieces is shown placed be- 
tween the tailstock and the dividing head. The dividing head is also called 
an index head. 

Helical Milling Driving Mechanism. A helical milling driving mecha- 
nism is shown mounted at the rear of the dividing head in Fig, 4-29. This 
mechanism causes the spindle of the dividing head to rotate while the table 
advances, thereby producing a helix on the workpiece. Enclosed inside of 
the housing are change gears that make an exact relationship possible 


Comte of Cincinnati Mision 
Fig, 430 Digital position readout with inch and metric capability, attached to а 
milling machine with independent overhead spindle 
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between the rotation of the dividing head and the table feed. The driving 
mechanism illustrated in Fig. +29 is a short- and long-lead mechanism 
with a range of leads from .010 to 1,000 inches. 

Digital Position Readout. Shown in Fig, +30 is a digital position readout 
whieh will display numerically the position of the milling machine table 
in two horizontal (X and Y) directions and in the vertical (Z) direction, 
relative to a reference position selected by the operator. The readout тау 
be switched to display either inches or millimeters to a resolution of 0005 
in. or 0.01 mm. Thus, when equipped with this attachment, parts dimen- 
sioned in either customary inch or metric units ean be machined. The 
numerical display shows the exact position of the table at a glance and 
the time needed to make precision measurements can be reduced when 
machining parts on a milling machine. 

Backlash Eliminator. The backlash eliminator, shown in Fig. 4-31, is 
used to enable the milling machine to take climb milling euts. This attach- 
ment, which must be built into the machine, eliminates the backlash due to 
the clearance between the longitudinal table feed serew and the nut in 
whieh it works. The backlash climinator consists of two racks and a spur 
gear. The rack at the left is actuated by turning a thumb serew 
extends out through the saddle casting, This causes the nut engaged to the 
rack and the gear to rotate. The gear actuates the other rack, which in 
turn rotates the second nut. Threads on the outside of the nuts cause 
them to move closer together, bringing the internal threads in the nuts 
into contact with the sides of the feed screw threads so that there is no 
backlash. The thread in one nut rests on onc side of the feed serew thread 
and the thread in the other nut rests against the other side of the feed 
screw thread. The force exerted by the thumb screw is limited by a 
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Fig. 4-31. Backlash eliminator for eliminating the backlash between 
the feed screw and the nut. 
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spring, preventing the nuts from excessive binding against the fel screw. 
‘Turning the thumb serew to release the foree will cause the two nuts to 
be released from the side of the feed serew thread as the feed screw is 
rotated. 


CHAPTER 5 


Milling Cutters 


Milling cutters ean roughly be classified as arbor mounted cutters, end 
milling cutters, and face milling cutters. There are various standard t 
styles, and sizes within cach elassification from which a selection e 
made to suit most applications. Special milling cutters are made to meet 
some high-produetion requirements or to fulfil a particular need. It should 
be pointed out to avoid confusion, that milling cutters are also called 
mills and an end milling cutter ix often called an end mill. The word, 
“тшй” ix also used, of course, to designate the actual milling operation; 
fy "to mill a surfac 

Equally important in becoming familiar with the types of milling cutters 
that аге available is an understanding of the operating eonditions at which. 
each should be used. To use these cutters successfully, it ix necessary to 
know the proper speed and feed uld be operated. 
Where maximum produetive output is required, it is necessary to be able 
to estimate the poveer required to take the eut. These and other such (орек 
are treated in this chapter. 


Milling Cutter Materials 

‘The cutting edges of milling cutters are primarily made of high-speed 
steel or from cemented carbides. Many milling cutters are made from 
solid high-speed steel, including most general-purpose end mills and 
arbor-mounted cutters. End milling cutters and arbor mounted cutters 
made for high production often have cemented carbide cutting edges. 
Face milling cutters also may have high-speed steel or cemented carbide 
cutter blades, or cemented carbide indexable inserts. 

High-Speed Steel. High-speed steels are a group of highly alloyed tool 
steels characterized by their ability to retain a high level of hardness and 
‘wear-tesistanee at temperatures up to approximately 1100 F (590 C), 
where other tool steels will soften and fail. When annealed, high-speed 
steel ean be machined into the shape of the cutting tool and then hardened 
again. High-speed steels are very deep-hardening; thus, they ean be sharp- 
ened many times without a significant loss in hardness. 

‘There are many different types of high-speed stecls which are roughly 
classified into two types: those having only tungsten as а principal alloy- 
ing clement (designated by the letter “Т” preceding the steel number), 
and those having tungsten and molybdenum as principa! alloying elements 
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(designated by the letter “M"). The alloying elements in highspeed steel 
are carbon (C), tungsten (W), molybdenum (Mo), chromium (Cr), and 
vanadium (V). Some highspeed steels also contain cobalt (Co) whieh 
raises the hardness and wear-resistanee at high temperatures, but also 
inercases its brittleness and heightens the tendeney of the cutting edge to 
chip. Most milling eutters are made from the type M2 highspeed steel. 
For milling high-temperature alloys and other metals having a hardness 
of approximately 370 HB, and harder, milling cutters are made from M42, 
M43, or T15 high-speed stecl, whieh has been developed for this purpose. 
Some milling eutters are made of high-speed steel that is a product of the 
particle metallurgy process, whereby atomized molten steel is recombined 
under extreme presure. 

Cemented Carbides. Cemented carbides are harder than high-speed steel 
and can retain their hardness at a higher temperature. As a result, much 
faster cutting speeds ean be used when milling with cemented carbides, 
Cemented carbides, however, are more brittle and less shoek-resistant. 
For this reason, greater care must be used in designing ant specifying 
cemented earbide milling cutters on the job. 

А most important factor in using cemented carbides is the selection of 
the correct grade for the applieation. There are four general classes of 
carbides; straight tungsten carbides, craterresistant (steel cutting) car- 
bides, titanium earbides, and coated carbides. Within each elass there are 
many grades, Since the grades made by cach carbide producer will differ 

another, the actual carbide producer should be con- 
sulted when selecting a grade. In general, straight tungsten carbides are 
recommended for milling gray cast iron, ferritie malleable iron, austenitie 
stainless steels, high-temperature alloys, copper, brass, bronze, aluminum, 
zine die-cast alloys, and plasties. Crater-resistant grades of carbides and 
coated carbides are recommended for milling plain carbon steels, alloy 
steels, alloy cast iron, pearlitie malleable iron, nodular iron, Monel metal, 
martensitie and ferritie grades of stainless steel, and tool steels, In addi- 
tion to these materials, coated carbides are used to mill gray cast iron. 
Coated carbides have a thin coating of titanium carbide, titanium nitride, 
ed carbide insert, called the 
substrate, Sinec grinding will remove the coating, they ean be obtained 
only in the form of indexable inserts. Where applicable, coated carbides 
сап operate at faster cutting speeds, usually 20 to 40 per cent, but some. 
times as much as 50 per cent faster. Solid titanium carbide is very brittle 
апа has a low resistance to mechanical shock; therefore, its usc in milling 
is restricted to finis 
insert face milling cutters. Carbide grades for milling should have good 
thermal shock-resistance since the cutting edge on the cutter heats and 
cools rapidly on entering and leaving the eut. For this reason the use of 
а coolant is not recommended when milling with carbides, except under 
certain special conditions. 
Cermets. Cermets are 


jixture of approxi 


tely 70 рег cent aluminum. 
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oxide and 30 per cent titanium carbide. Face milling cutters with eermet 


indexable inserts аге used on some very-high-specd milling operations, 
Arbor-Mounted Milling Cutters 
Arbor-mounted milling cutters are characterized by a hole in the center 


into whieh the milling-machine arbor is inserted. The arbor hole is very ac- 
‘curately ground to the required size. A keyscat in the hole engages a key on 
the arbor which is used to drive the cutter. АП arhor-mounted cutters 
have teeth on their periphery, and some of them have additional teeth 
on their side faces. 

Plain Milling Cutters. Plain milling cutters have teeth only on their 
periphery and are used to mill planc, or Bat, surfaces, Milling a flat surface 
With a plain milling eutter is calles slab milling, and for this reason, plain 
milling eutters аге also called “slab milling cutters.” Two light-duty plain 
milling cutters are shown in Fig. 51, views A and B. Light-duty plain mill- 
ing eutters less than % ineh (19 mm) wide, as in view A, have straight 
teeth; they are used to mill narrow plane surfaces and shallow slots. 
When the light-duty plain milling cutters are % inch wide, and over 
(view В, Fig. 5-1), they have helical teeth and are used exclusively to 
perform slab operations. The helix angle of the teeth is 18 to 20 
degrees. Heavy-duty slab milling cutters, such as shown in Fig. 5-1, view 
C, are the most useful plain milling cutters, since good results ean readily 
be obtained when taking either heavy: or light-duty euts. The helix angle 
of the teeth on these eutters iz 45 degrees, causing more teeth to be cutting 
at a given time, and providing a smooth entry and exit into the eut. The 
helical teeth also tend to produce a smooth finish on the milled surface. A 
helical, or high-spiral, plain milling cutter is shown in Fig, 5-1, view D. 
The helix angle of the teeth of this eutter i» 52 degrees. This large helix 
angle causes the cutter to absorb mueh of the cutting load as end thrust; 
for this reason there will be less tendeney of the cutting forecs to impel 
the cutter and the workpiece away from each other, and there will be lese 
tendeney to spring back and dig into the work on entering and leaving a 
eut. Helical plain milling e ed particularly for taking, 
light euts on frail, thin-walled parts and intermittent cuts on fragile pieces, 

‘Side Milling Cutters. Side milling cutters are arbor-mounted cutters hav- 
ing teeth on the periphery and on one or hoth sides. The side teeth are 
ground slightly coneave to prevent them from dragging against the work- 
piece. While the peripheral teeth do most of the metal cutting, the side 
teeth take a light seraping eut to prevent the cutter from binding. Side 
milling cutters are used to eut slots such as keyseats, to perform side mill- 
ing operations on the sides of parts, and to eut right-angle corners or 
shoulders. Frequently а pair of side milling cutters separated by a spacing 
collar is mounted on an arbor to cut two sides simultaneously to a pre- 
determined width. This operation is ealled straddle milling and is shown 
at B, C, and E, in Fig. 5-2. 

Straight-tooth side milling cutters are shown in views A and B, Fig. 522. 
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Heavy-duty plain mil Helical plaia mill 


Fig 541 


‘The peripheral teeth are straight while the side teeth are at an angle with 
respect to the axis of the cutter. They are at an angle so that the rake 
surface will form a positive rake angle on the peripheral teeth. Although 
used for all side milling cutter operations, they are especially recom- 
mended for milling thin walled sections, where the maximum number of 
teeth should be engaged. Straight-tooth side milling cutters are sometimes 
converted into form ters by grinding the teeth to the required 
outline, such as а corner radius. Half side milling cutters, shown in Fig. 
5.2, view C, have teeth on one side only. The 15-degree helix angle on the 
peripheral teeth is an advantage, providi ie angle on the side teeth 
and a smoother cutting action th ceth, They cannot be used to 
eut slots, but ean perform side milling and straddle milling operations. 
Staggered-tooth side willing e 52, views D, E, and F, 
have a 10-degree positive axial rake or helix angle, right- and left-hand 
оп alternate teeth. Alternate side t removed so that only those 
in that have ke angle. These 
re used to perform all side mill- 
ly recommended for milling deep 
slots and for deep face milling operations. A most important feature of 
the design of these cutters is that they ean be interlocked; ie. they ean 
be mounted on the arbor, side hy side, with the peripheral te 


Halt-sde mill Stangcred-tooth side mill 


‘Stageered-tooth sile mills Interlocked staggered-tooth side mille 


Fig 52 
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apping so that a plane surface will be eut hy the peripheral teeth. Inter- 
locking staggerei-tooth side milling eutters are shown milling а wide slot 
in view F. By scleeting the right combination of cutters and by the use 
of shims spaced between the cutters, or hy slightly modifying the width 
of a cutter, the slot width ean be closely controlled. 
Angle Milling Cutters. A single angle milling cutter is shown at A in Fig. 
53. The side teeth are grou roncave and all of the teeth have 
are standard in 4% and 
utters are used to 
ng cutter is shown 


and have zerodegree axial aml ra 
are used for milling threads, notches, serrations, angles, and chamfer, 
Single-angle milling eutters with shanks are also available. These cutters 
are held in collet chucks and are not a type of arbor-mounted cutters. 

Metal Slitting Saves. Plain metal slitting saws, view C, Fig. 53, have 
ih on the periphery only оп the sides to avoid 
iding in the eut. They га 4 to 8 inches (635 to 
mm and from 14s to 34 ик, (03 to 3.2 mm} in width. These anw 
are designed for slitting and off operations of all kinds, Straight 
tooth and staggered-tootl metal slitting saws having side teeth are avail- 
able in widths ranging from 14, to % meh (16 to 6.4 mm). A staggered- 
tooth metal slitting Fig. 53. These saws are 
designed for беер slotting operations and for sinking-in type cute. 

Form Miling Cutters. Form willing cutters bave teeth with a profile 
that reflects the profile of the surface to be milled. There are two kinds of 
form milling cutters, “profile ground,” and “form relieved.” Profile ground 
form milling cutters we teeth on plain and. 
sie milling euttere. on which the relief angle is ground on the land behind 
the entting edge. These cutters are sharpened! by grinding this relief angle 
‘while maintaining the required profile; an often difficult job. The teeth on 
form relieved eutters (views E and F, are ent on an engine lathe 
equipped with a back-off attach nt replaces the com- 
pound rest and is geared to the li First the eutter blank, 
i prepared hy horing the hole. rough turning the profile, and milling the 
futes, A single point, form-cutting tool which will produce the required 
profile оп the form milling eutter is then made. With the lathe set up and 
the cutter turning slowly. a cam on the hack-off attachment causes the 
single-point form tool to move in and out an equally measured distance 
‘on each tooth while eutting the profile on the teeth of the milling cutter, 
thereby also cutting the relief behind the enting edges on the etter, Cut 
in this manner, the profile of the form: relieved milling cutter will not 
change as the diameter ix decreased! when the eutter is sharpened. The 
eutters are sharpened hy grinding the radial rake angle on the face of the 
teeth. They ean he sharpened in this manner many times—until the teeth 
аге too weak to withstand the cutting load—without changing the profile 
of the cutter. Care must be taken, however, to maintain the original radial 
rake angle, otherwise the profile on the cutter will be altered. 
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Staggered-tooth metal slitting aw 


‘Standard form mill Special form mill 


Fig 53. 


A few form relieved milling cutters can be obtained as standard cutters. 
Standard form milling cutters аге available for milling some convex and 
concave surfaces, for corner rounding, for milling involute gear tecth and 
sprocket teeth. A standard form relieved cutter is shown at E in Fig, 5:3 


106 MILLING CUTTERS Ch.5 


Many form relieved eutters are specially made to suit a particular job. A 
special form relieved cutter designee! to cut the flutes on a plain milling 
cutter is shown in view F, Fig. 2-3. The illustration in Fig. 5-4 shows a 
form milling operation; the cutter here is a special interlocking type, 
Torm-rclievedd milling cut 

Elements of Arbor-Mownted Cutters. The nomenclature of the elements 
of arhor-mounted euiters is given in Fig. 5-5, and the terms are self- 
explanatory. Most of the elements are built into the cutter and usually 
are not changed, relief angles whieh are ground when the 
cutter is sharp to possible change. Relief angles 
provide relief behind th 
1 the cutting edges, the cutter would rub and fail to penetrate 
the work. Excessive wear and heat indicate that the relief angles may be 
too small, while chatter in the rut indicates that the relief angles may be 
too larg 
‘The peripheral relief angle pro 


relief behind the peripheral teeth 
ing. For average materials such 
as mild steel and gray east iron, the recommended peripheral relief angle 
is 4 to 7 degrees; for harder and tougher materials, such as tool stee), it is 
3 to 6 degrees; and for softer materials such as soft brass, aluminum, 
magnesium, and plasties, itis 7 to 12 degrees. On «kde milling cutters the 
side teeth also require relief, although less relief i» necessary since these 
tecth are not intended to take a heavy eut. Furthermore, саге must һе 
exercised to maintain the required cutter width within allowable limits 
For this reason two practices are followed: 


1. A very light “hairline” land, or margin, is left on the teeth without 
relief behind which a relief angle of 2 to 4 degrees ix ground, exeept 
‘on thin saws where the relief angle is inereased to 3 to 5 degrees. 

2. The relief angle is ground to a sharp edge but is reduced to approxi- 
mately 1 102 degrees. Thie method is not recommended for saws. 


‘The side teeth should also be dished, the amount of concavity being .001 
to 10015 inch per ineh (0.02 to 0.03 mm рет 20 mm) for side milling cutters 
amd 005 to 0075 

surface formed. 
called the “land,” whieh on many cutters is raised. The width of the land 
is limited by grinding a secondary clearance angle behind the land. On 
arbor mounted cutters the width of the land may vary from about X, 
ineh (12 mm) on smaller cutter, to % inch. (32 mm) on very-large- 
diameter cutters. 

‘The inclination of the tooth face affcets the ease with which the chip is 
formed. Since all of the cutting on plain milling cutters and most of the 
cutting on side milling cutters is done with the peripheral teeth, it is the 
radial rake angle that has the greatest effeet on the formation of the chip. 
Most highspeed steel arboranounted milling cutters have а radial rake 
angle of about 10 degrees positive, except metal cutting saws, which may 
have a radial rake angle varying from 0 to 10 degrees positive. The recom- 
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mended radial and axial rake angle for cemented-carbide side milling 
cutters is the same as for the carbide face milling cutters given in Table 
Оп high-speed steel side anilling cutters the axial rake angle is usually 
10 to 15 degrees, except for «traight-tooth side milling cutters, The axial 
rake angle on plain or slab milling cutters may he from 0 to 52 degrees. 
The plain milling cutter in Fig. 5-6 has straight tecth. The chip formed 
by this cutter ean he scen in the illustration. The thickness of the chip 
inercases as the tooth of the milling cutter progresses into the work. Figure 
5-1 illustrates the theoretieal profile of a chip that is undeformed. It can. 


Fig 5-4, Form-milling operation using a form rekeved milling cutter, 
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Fig 5-5 Milling cutter nomenclature. 


be seen from this figure that the chip thickness, t, increases as the tooth 
penetrates into the work, or from position 1 to position 3, The advance, f, 
of the cutter, however, is the same for all positions and is equal to the feed 
per tooth of the milling cutter. Figure 5-7, therefore, also shows that when 
the table feeds the work into ling cutter at a uniform rate, 
the feed per tooth is constant regardless of the depth of the cut. 
Plain milling cutters with a width of less than % inch have 


aight 
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Fig 56. Plain milling cutter showing chip formation. 


A 


Fig. 5-7. Profle view of an undeformed milling chip. 


teeth. Straight tooth cutters eause the chip to form uniformly along the 
entire width of eut as shown in Fig. 5-6 The cutting load on the tooth 
builds up uniformly but rapidly. When the tooth leaves the work, the cut- 
ting load drops suddenly. This sudden drop in the load is accompanied by 
а shock which causes a reaction in the entire milling-machine structure 
but most partieularly in the spindle driving mechanism. The repetition of 
this shock as the loails on the teeth of a milling cutter rotating at a uniform 
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speed suddenly drop in rapid succession ean set up the vibratory condition 
called chatter. 

‘The tendency for chatter to occur сап be substantially reduced by form- 
ing the cutting edge into a helix, as shown in Fig. 5-8. At the beginning of 
the cut, the length of the cutting edge penetrating into the workpiece is 
small. As the cutter continues to rotate, the length of the cutting edge in 
contact with the workpiece increases, gradually forming a widening chip 
until the maximum is reached. The depth of the eut and the helix angle of 
the cutter will determine the length of tooth travel during whieh the 
maximum tooth contact aml chip width occur. The tooth contact ani chip 
width then gradually decrease until zero is reached ax the tooth leaves 
the work. Thus, this gradual building up and release of the cutting load 
will avoid the shock that accompanies a sudden release of the cutting oad. 
In addition, in most instances two tec simultaneously cutting, as in 
Fig. 5-8, to further stabilize the cutting load. 

Since the chip is formed at an angle when the teeth 
it is often assumed that a sh action is taking place 


e on а helix angle, 
hetween the eut- 


Fig 58 Heavy duty plain milling cutter with a 4$-фетее helix angle showing chip 
formation. 
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ting edge and the chip. It must be s docs not occur, 
for there is no axial sliding motion between the cutting edge and the chip. 
The width of the chip is at all times equal to the length of the cutting edge 
that is in contact with the work, and the cutting action is the same for 
helical teeth as for straight tecth. 


End Milling Cutters 

End milling cutters constitute а large group of milling cutters made to 
а variety of shapes and sizes. The group of typical end milling cutters 
displayed in Fig. 5-9 are characterized by having cutting edges on the 
end face as well as on the periphery. Also, they are always held in the 
milling-machine spindle by a collet chuck or some kind of adaptor. Among 
the most versatile of cutting tools, end mills are used to mill plane surfaces, 
slots, profiles, and three-dimensional contours. 

The elements of an end milling cutter are shown in Fig. 5-10. The radial 
rake angle is generally small, as it is limited by the necessity of keeping 
the end cutting edges approximately radial. The helical rake angle and 


Fig 5-9. A group of different end milling cutters 
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Fig 10. Elements of end milling cutters. 


the helix angle are for practical purposes the same angle. The helix of the 
peripheral cutting teeth has the same effect on end mills as on plain milling 
cutters in providing a smoother cutting action. There is, however, a limi- 
tation on the size of the helix angle. It must not be made so large that 
the cutting edge of the end cutting teeth is weakened, 

The relief angle of the peripheral tecth, or the "radial relief angle,” is 
determined by the size of the end mill and by the material to be cut. For 
most applications, including most steels and cast irons, the following 
radial relief angles (given in terms of the cutter diameter first followed by 
the radial relief angle) are recommended 


12°, "11", 47—10°, 


More detailed recomn ır the radial relief angle are provided 
їп Chapter 14, Table 14-1. Depending on the method by which the radial 
relict angle is ground, three types of relief are used; namely, concave, flat, 

nd eerentrie, The three types of relief are shown in Fig, 14-5, Chapter 14. 

On most end mille the relief angle on the end cutting tecth—-the a 
relief angle—should be about 4 degrees. Two uted center cutting end 
amills should have an axial relief angle of about 7 degrees because the 
are often fed endwise, or plunged into solid stock, to be used as a twist 
rill. 

‘The flutes in an end mill may have a right- or left-hand cut as shown in 
Fig, 5-11. The cut refers to the side of the flute on which the face of the 
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teeth are located. Furthermore, end mills with a right-hand cut are de- 
signed to cut while rotating counterclockwise when viewed from the end 
having the teeth. Left-hand-cut end mills are designed to cut while rotat- 
ing clockwise when viewed from this end. Although the helix may be right- 
or left-handed for either cut, usually а right-hand-cut flute has a right- 
hand helix and a left-band-cut flute has a left-hand helix. In this way 
the end-cutting edges have a positive rake angle. 
Most standard end milling cutters are made to have two or four flutes 
res up to approximately 1 inch. Larger end mills, up to 2 inches in 
meter, are made with six or cight flutes. Three-futed, center-eut-type 
end mills are made with diameters up to 3 inches. Increasing the number 


m€—— 
Fig. 541. The four combinations of hand of helix and hand of ct for end mills. 
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of flutes on the end mill helps to stabilize the cutter when milling slots and 
allows a faster feed (inches per minute) to be used. The futes must, 
however, be large enough to provide adequate space for the chips. 

Figure 5-12 illustrates the three different types of construction which 
сап be used for the end teeth of end milling cutters with four or more 
teeth. The end mill at the bottom has a cupped-type end on which the end 
teeth extend only to approximately the bottom of the flute. The conven- 
tional square end mill in the center has a noteh in the end which permits 
the end teeth to extend to the center hole. The added length of the end 
teeth allows radii or forms to be ground on the end when required. The 
end mill at the top has two end teeth which join in the center. This type, 
called a center-cutting end mill, can plunge directly into a workpiece to 
ereate an opening or а hole in much the same manner as a twist drill 
After it has been plunged to the required depth, it can be made to eut a 
slot such as a keyseat. The four peripheral teeth produce a good finish on 
the workpiece and allow a reasonable fecd rate to be used. 

The most common center-cutting-type end mill is the two-futed end 
mill, which in some shops is called a two-lipped end mill. Four typical 
two-fluted end mills are shown at the right in Fig. 5-9. The conventional 
square end two-Buted end mill is the least expensive and the most easily 
sharpened of the eenter-cutting-type end mill. As it can easily be sunk 
directly into the workpiece like a drill, it is frequently used to cut keyseats 


N 
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Ри. 5-12 General-purpose four-futed end mills showing three types of construction 
"Toe the end шне edges 
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and other slots that do not extend to an open end or shoulder. Two-fluted- 
ball end mills, such as shown at the right in Fig. 5-9, are used to eut 
complex thrce-dimensional contours such as are encountered in dies and 
molds, The operation for which they are used is called die-sinking. 

Although taper-shank end mills are still being made, the majority of the 
end mills have a straight shank. Some straight-shank end mills have cut- 
ting teeth on both ends, with the shank in the center of the cutter. The 
majority of the taper-shank end mills have a Brown & Sharpe taper. 

Rough-Cutting End Mills. These end mills have been developed primar- 
ily to remove a large amount of stock, as shown in Fig. 5-13. Their teeth, 
shaped in the form of a radius which produces a small chip that docs not 
Томі the flutes, are positioned around the cutter in the form of a left-hand 
helix like а left-hand thread. This makes the teeth overlap cach other 
зо that the surface produced is flat. The teeth are formrelieved and are 
sharpened by grinding only the face of the flutes. 

Indexable Insert End Mills, Cementes-earbide, invlexable-insert end 
milling cutters, Fig. 5-14, operate at a faster cutting speed and a faster 
table feed than conventional highspeed-stee] end mills. Indexable insert 
end mills are avai lione or two eemented-earhide inserts, Each 


Fig. 5-13. Rough cutting end mill taking a typical eut in a workpiece. 
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insert has four cutting edges; when a eutting edge is worn the insert can 
rapidly be indexed to provide a sharp cutting edge until all the available 
cutting edges are used up. Both single and double insert end mills are 
designed to perform the operations shown in Fig. 5-14, which ineludes 
plunge cutting (partially or completely through the workpiece}, slot mil 

ing, pocket milling, peripheral milling, and ramping. In addition, they сап 
also be used to counterbore and to spot face. 


Shell End Milling Cutters 

Standard shell end milling cutters are available in sizes from 1%-inch 
diameter to 6-ineh diameter. They are intended for taking surfacing cuts 
and corner cuts and are not generally used to cut slots. As shown in Fig, 
5-15, shell end mills are mounted on shell end mill arbors, which are fitted 
directly into the spindle of the milling machine. One obvious advantage 
of the shell end mill is that when the body of the cutter is worn, the shank 
can be reused on another shell end milling cutter. Shell end milling cutters 
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Fig. 5-14. Indexable insert end mill cutter showing the type of cuts that can be taken 


this cater. 


сһ.5 MILLING CUTTERS 17 


Сени of The Metal Cuting Tok Inti 
Fig 5-15, Shell end mill and shell cnd mill adaptor 


tend to bridge the gap between face milling cutters and end milling cutters. 
‘The corner of the shell end milling cutter is the point where the cutting 
edges on the periphery meet the cutting edges on the end. The corner may 
be square, rounded, or chamfered. The most frequently used is the square 
corner, which is easiest to grind. However, this corner does tend to be a 
focal point of edge wear. The rounded corner, while working very well, is 
difficult to grind, The chamfered corner is best because it is easy to grind 
and wears well. The chamfer (or radius in the case of a rounded corner) 
should not exceed 14u inch in length, since the small chamfer will not 
interfere with the main flow of the chip which is approximately perpendic- 
ular to the peripheral cutting edges. The chip flow from a larger chamfer 
will tend to interfere with the peripheral cutting-edge chip, resulting in 
ап increase in the cutting temperature, accelerated tool wear, shorter 
cutter life, und quite often a deterioration in the resulting surface finish, 
T-Slot Cutter. The milling cutter shown in Fig. 516 is use to cut Teslots 
hine fool tables and accessories, A slot must first be cut in the work- 


in 


ce 


Fig. 5-16 Т.и cutter. 
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piece so that the neck of the Tlot cutter may be elear to eut the T«slot 
‘These cutters have teeth on the periphery and on two sides, with alternate 
side teeth removed in the manner of staggered tooth «ide milling cutters. 
‘The side teeth hav theeut 

Woodruff Keyseat Cutters. Woodruff keys are small half-round shaped 
keys that are fitted into а half-round keyseat on shafts to transmit torque. 
‘The koyseats are eut by sinking the eutter dircetly into the workpiece at. 
the desired loeation—as shown in Fig. 5-17. Smaller Woodrufí keyscat 
cutters (34 to 1% inch dia ie shank type cutters such as shown 
in the illustration, the cutters for larger diameter Woodruff keys are arbor 
mounted, being similar in appearance to staggered tooth side milling 
enters. 


Face Milling Cutters 

Face milling cutters are primarily used to take surfacing euts in pro- 
ducing flat surfaces, Generally 6 inches and larger in diameter, they are 
mounted directly on the nose of the milling-machine spindle. All face 
milling cutters have inserted cutting teeth. A cemented-carbide face mill- 
ing cutter is shown in Fig. 5-18. The very fast metal cutting rates obtain- 
able with cemented-carbide face milling cutters make high production 
rates possible, 

‘The nomenclature of a face milling cutter isgiven in Figs. 5-19 and 5-20. 
Cutting edges are ground on the end face and on the periphery of the cut- 
ter. The point where these two cutting edges meet is called the corner of 
the cutting edge. A sharp corner should be avoided as it would wear rapidly 
and reduce the life of the cutter. In onder to improve the performance of 
the face milling cutter the corner should be chamfered. A single chamfer 
should be used, and the chamfer should not exceed ?( inch in width unless 
it is made large enough so that the entire chip is formed by the chamfer 
as at A, Fig. 5-21. If the entire chip is formed by the chamfer, it will fow 
freely and approximately perpendicular to the cutting edge. The chip at 
В, Fig. 5-21, is formed partially by the cutting edge on the chamfer and 
partially by the cutting edge on the periphery. Since the direction of flow 
of the chip is approximately perpendicular to the two cutting edges, the 
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Fig. 5-17, Woodra kevseat cutter. 
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Fig 18 Indexable insert cemented carbide face milling cutter 
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Fig 5-19. Nomenclature of a face milling cutter. 
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л, 
Conrteny sf Cincinnati Milaeren 
Fig. 5-20. A. True rake angle. B. Angie of inclination of milling cutter tooth. 


chips formed will obviously interfere with each other. Such interference. 
will result in a less efficient cutting action, an inerease in the tool wear, 
And a decrease in the life of the cutter. А double chamfer will result in 
similar undesirabie effects. If, however, the width of the chamfer is less 
than е inch, the small chip formed by the chamfer will not seriously 
interfere with the flow of the chip formed by the peripheral cutting edge. 
‘The angle of the chamfer in the corner is known as the corner angle 
(see A, Fig. 5-20), or sometimes the lead angle of the cutter. The corner 
angle has a pronounced effect on the performance of the face milling cutter 
For example, a large corner angle will permit the use of a faster feed rate, 
thereby increasing the production rate of the milling operation. Figure 
5-22 shows two face milling cutters, one with a 30-degree corner angle and 


Courter of Cincinnati Miron 


Fig. 5-21. A. Flow of chip formed by chamfer on milling cutter tooth. В. Chip formed 
by chamfer and peripheral cutting edge showing interference to fow. 
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the chip thickness by 


the other with a 75-degree corner angle. In each ease the feed of the ma- 
chine is adjusted so tbat the chip thickness will be 009 inch per tooth. 
The feed per tooth which will result in this chip thickness is 010 inch per 
tooth for the cutter with the 30-degree corner angle and .035 inch per 
tooth for the 75-degree corner-angle cutter. Thus, the feed rate of the 75- 
degree corner-angle cutter can be up to 3.5 times faster than the feed rate 
of the 30-degree corner-angle cutter. A further advantage is that the chip 
will have a greater tendency to flow axially along the length of the cutter. 
and to flow clear of the cutter. On the other hand, the 75-degree cutter 
will exhibit a greater tendency to chatter when cutting. 

Other important face milling cutter clements are the radial rake angle, 
the axial rake angle, the true rake angle, and the inclination of the cutting 
edge (see Fig. 5-20). The truerake angle is perpendicular to the cutting edge 
that is forming the chip. Since the flow of the chip will be approximately 
perpendicular to the cutting edge, the true rake angle is the angle along 
which the chip will бом. The true rake angle has a great influence on the 
tool life of the cutter, the surface finish obtained, the power consumption, 
and the deflections resulting from the cutting forces. The inclination of 
the cutting edge influences the direction of the chip flow. It should 
always be positive so that the chips will be directed away from the cutter 
body and the finish machined surface on the workpiece, as in Fig. 

Cemented-carbide face milling cutters should have positive axial rake 
angles, negative radial rake angles, and large corner angles which in com- 
bination provide a negative true rake angle and a positive inclination. 
The recommended cutter angles for face milling different materials are 
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Fig 5-23. Shear-Clrar fore milling cutter having positive axial and negative radial 
rake angles miling a die Mock, showing бом of chip» away from workpieew and euler, 


shown in Table 5-1. The recommended clearance and relief angles (Fig. 
5-19) are given їп Table 52. Highespeed-stecl face milling cutters, 

521, ure usually provided with a Ча! rake angle than is recon 
mended in Table 3-1. When it i» necessary to mill a squire shoulder, as in 


Fig. 5-25, the face milling eutter must have a zero-degree corner angle. 
‘This type of inte gative axial and radial rak 
angles; it ie prov imple chip space to enable it to handle the 
chips. 


Table 5-1, Recommended Rake and Inclination Angles for Cemented Carbide 
Face Milling Cutters 


Wd True | Ine 

„ш Hardness, Corner | dre | Indi 

ас un Angle Е Anne 
Plain Carbon Steels | 101020 F3 
Alloy Steels 160 to 400 d 
ише Steela | 260 te 220 КУ 
Йонг De Steels | 180 to 300 45 
1 Y to 220 55 
201020 ЕУ 
ino to 280 5 
ЕЕ] sr 
160 vo 250 im 
i 
i 
Ботти Ае Cast E 


rri Malleate Cast aw 
Magnesium Alloys a 
Aluminum Alloys a 
Copper Alloys a 
tanium. ж 
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Table 5-2. Recommended Clearance and Relief Angles for Cemented Carbide 
Face Milling Cutters 


Primary Primary Primary 
— Clearance Angle | Clearance Angle | Relief Angle 
tes аана Corner * 

Cutting Fages 

Fm qus 

Gray Cast Iron T 

Aluminum © 

Titanium um 


When a face milling eut (or an end milling eut) is taken, the bulk of the 
metal is removed by means of the large chips that are formed by the teeth 
оп the periphery of the face milling cutter. This part of the cut can be 
called the primary cut. The face edges on the face of the cutter teeth (see. 
Fig. 5-19) perform a very important function by taking a very light 
secondary cut. The heavier chip load of the peripheral teeth in taking 
the primary eut causes а slight but nevertheless positive deflection of the 
cutter and the workpiece away from each other. When the primary cut. 
comes to an end, the chip load is released and the cutter and the work 
spring back toward each other. This combined spring-hack provides the 
“depth of eut" which is taken by the face edges of the cutter on the "back" 
part of the cutter revolution. The secondary cut is a light, more or less 
seraping cut, taken primarily by the face edges of the cutter. The feed 


Fig. $24. Highspeed steel, blade type, fare milling cutter 
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Fig 5-25. Cemented carbide indexable-insert face milling cutter with 0° corner angle 
for milling square shoulders 


ing cutters provide evidence of 


marks left by face milli 
the secondary cut, 

Whenever possible the automatic table feed should be kept in engage- 
ment until the surface that has been cut is completely clear of the face 
milling (or end milling) cutter. This procedure will allow the secondary 
сш made by the face edges to be completed over the entire surface, thereby 
producing а more uniformly flat or plane surface. 

In many instances the finish on the milled surface must be very smooth. 
and the feed marks such as described in previous paragraphs would not 
be tolerated. On those face milling cutters which have removable blades 
(see Figs. 5-23 and 5-24) instead of indexable inserts (Fi 
blade can be set about 003 to 005 inch (008 to 0.13 mm) above the 
other blades. This blade, ealled a wiper blade, is ground to have a “flat” 
оп the face, which is actually а broad ellipse with a slight chamfer on 
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sach side. The flat 
he at least Yo i 
wiper blade wil! prodi 


surface to he eut and it should 
the feed, When cutting, the 
lied surface, scraping off the 
feed marks. This me il steel and east iron, When 
possible, tilting the milling machine spindle very slightly into the cut to 
allow the cutter to eontaet the workpiece only on the cutting portion of 
its rotation, will help to improve the finished surface 
Indexable insert face milling cutters cannot utilize this method because 
the inserts must remain in а fixed position in their pocket. Such cutters 
сап, however, be provided with pockets on the face in which special wiper 
blades, or finishing inserts, ean be clamped, as shown in Fig, 5-26. For 
ha прой to the face, which. 
are positioned ,003 to 005 inch above the roughing blades on the periphery 
nish eut in one pass, Better results 
ing a roughing cut, with the finishing 
erl by dummy inserts that do not cut, The finishing inserts 
are then attached and a second eut across the workpiece is taken without 
changing the depth of eut. Indexable insert face milling cutters with 
finishing blades ean be used on steel, cast iron, 
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ure available 


hould be рагай to 
(1.6 mm) wider th; 


юй can be 


lance at high speeds, two finishing inserts are 


The cutter ean be used to rough а 
are obtained, however, by first ta 
inserts тері 


finishing. inserts only, and no roughing teeth, 


Fig 5-26. Cemented carbide, indexable insert, face milling cutter with Snishing blades 
held in pockets ов the face of the cutter 
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Mounting Milling Cutters. 

In order to obtain a high degree of accuracy in performing milling 
operations, the milling cutters must be correctly mounted on the milling 
machine. To facilitate the accurate mounting of milling cutters, the nose 
of the milling machine is provided with the following: 


1, An accurately ground tapered hole for locating arbors, adaptors, 
and shank-type cutters 

2. An accurately ground outside diameter for locating face milling 
cutters with respect to the axis of rotation of the spindle 

3. An acurately ground face which is perpendicular to the axis of 
the spindle 

4. Four threaded holes for holding the clamping serews of face milling 
cutters; and 

5. Two driving keys for driving face milling cutters, adaptors, and 
arbors. 


The taper in the spindle nose is a self-releasing taper, and its only 
function is to locate objects in the spindle. The power is transmitted 
through two radial keys attached to the face of the spindle. 

 Arbor-Mounted Cutters. Milling-machine arbors are finish ground on 
all surfaces in order to provide an accurate method of mounting the cut- 
ters. An arbor holding two straddle-milling cutters correctly mounted in 
the milling machine is shown in Fig. 5-27. The correct procedure for 
‘mounting the arbor and the cutter is outlined as follows: 


1. Clean the tapers in the spindle and on the arbor. If the taper in 
the spindle or on the arbor is damaged it must be repaired. Nicks 
and burrs should be removed with a small fine abrasive stone. All 
dirt must be removed from both tapers. Make a final check by 
feeling the surface of the taper with the bare hand. The bare hand 
will detect small particles of dirt or lint that would be undetected 
with a rag. 

2. Place the arbor in the spindle and insert the draw-in bolt into the 
threads in the tapered end of the arbor. Turn the draw-in bolt 
mut until 1 or 2 inches of thread are engaged. When placing 
the arbor in the spindle, make certain that the radial keys on 
the spindle engage the slots on the arbor. 

3. Tighten the arbor in the spindle by turning the threaded collar on 
the draw-in bolt with a wrench. In Fig. 5-27, the threaded collar 
сап be seen in position against the end of the spindle. 

4. Clean the face of the arbor flange opposite the taper. This face 
must be absolutely clean, otherwise the arbor will be bent slightly 
when the arbor nut is tightened. The final check of the cleanliness 
of this surface should also be done with the bare hand. 

5. Place an end collar and spacing collars over the arbor up to the 
position where the milling cutter, or cutters, are to be mounted. 
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Various lengths of spacing collars are available. The faces on each 
end of the collar are ground to extremely close tolerances of paral- 
lelism and perpendicularity with respect to the axis of the collar. 
An inaccuracy in these surfaces or any dirt or foreign matter be- 
tween the faces of adjacent collars on the arbor will result in the 
deflection of the arbor when the arbor nut is tightened. The milling 
cutter will not run true if the arbor is deflected, and a few teeth оп 
the cutter will do most of the cutting. This procedure will result in 
inaceurate work and rapid wear of the cutting edges of the milling 
cutter. For this reason it is necessary to clean the faces of each 
collar with the bare hand before placing them on the arbor. 


. Place the milling cutter on the arbor. The faces of the milling 


‘cutter should be cleaned with the bare hand in the same manner 
аз the spacing collars were. The eutter should be placed over а 
key which is inserted in the keyseat on the arbor, The milling 
cutter should always be driven by a key, and the friction of the 
spacing collars against the face of the cutters should not be 
depended upon to provide the drive. If not driven by a key, the 
cutter could slip on the arbor during the eut with the result that 
the teeth of the cutter would be broken. 

Place additional spacing and bearing collars behind the cutters 
Bearing collars, which arc slightly larger in diameter than the 
spacing collars, are made in one length corresponding to the 
length of the arbor-support bearing. Bearing collars provide the 
primary support of the Style B arbore They may be used to 
provide additional support for a Style A arbor (see Fig, 0-20), 
although there will be a resulting loss of clearance below the 
arbor. Make certain that the faces of the collars arc clean as 
previously deseribed. 

Place the nut on the end of the arbor, but DO NOT tighten. The 
face of the nut should be cleaned in the same manner as the 
collars. If n wrench is used to tighten the nut before an arbor 
support is in place, the arbor would very likely be bent and ruined. 


. Place the arbor support over the bearing collars. Make certain 


10. 


that the oil reservoir of the arbor support is filled with the proper 
grade oil. The inner arbor support allows a closer approach to 
the cutter than an outer arbor support. One or both arbor sup- 
ports may be used in a given setup. Style А arbor supports must be 
used when a Style A arbor is used. They are placed over the 
small end, or pilot end, of the Style A arbor. When in position, 
the arbor supporte should be clamped firmly to the overarm. 
‘Tighten the arbor nut. The arbor is now rigidly supported by the 
arbor supports so that the torque applied by the wrench will not 
bend and damage the arbor. 


The cutter and the arbor are removed by performing the procedure just 
described in the reverse order. When removing the arbor, position the two 
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keys on the spindle in a horizontal position, In this way they will tend to 
support the arbor when it is loosened and keep it from falling out of the 
spindle. Sometimes two or more cutters must be spaced along the arbor 
to a dimension that cannot be obtained with standard collars. In this event 
thin metal shims ean be used. Shims made from a good grade of paper, 
with a uniform thickness, ean be substituted if metal shims are unavail- 
able. The spacers and shims should be earefully stored and kept free of 
nicks and burrs. 

Straight shank end mills can be held by a collet chuck as shown in 
Fig. 5-28. The collet chuek is held in the spindle of the milling machine. 
Straight shank end milling cutters are also held in adaptors which have 
an accurately ground eylindrieal hole to allow the straight end mill shank 
to be inserted in it with very little clearance. The end milling cutter is 
then clamped in the hole with a set serew which contacts a flat spot that 
has been machined on the shank. Cam-lock and bayonet-lock shanks and 
end mill holders have also been developed to hold the end mill in place. 
The shank of the end mill must correspond with the type of holder used, 
Shell end mills are mounted on shell end-mill arbors as shown in Fig. 5-15. 
‘The shell end-mill adaptor is held directly in the milling-machine spindle 
by the draw-in bar. 

Face Milling Cutters. There are three methods of mounting face milling 
cutters shown in Figs. 5-29 and 5-30. Shell end mills bridge the gap between 
end mills and face milling cutters; however, their method of mounting is 
similar to that for face milling cutters. Shell end milling cutters and some 
small face milling cutters are mounted on a flange type centering shank 
{or shell end mill adaptor) such as is illustrated in Fig. 5-15 and in view 
A, Fig. 5-29. The adaptor, or centering shank, is held in the spindle by the 
ddraw-in bar and is driven by the keys on the nose of the milling machine. 
‘Two keys on the flange of the adaptor drive the cutter, which is held on. 
the adaptor by a bolt and washer. Medium and large face milling cutters, 
however, are mounted on centering shanks which do not have a flange, 
as seen in view B, Fig. 5-29, The cutter is held on the centering shank by 
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Fig 5-28 Spring collet chuck for holding straight shank end mill 
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а bolt and washer, and is driven direetly by the keys on the spindle nose 
of the milling machine. The National Standard Drive is shown in Fig. 5-30. 
Face milling cutters mounted in this manner must have a counterbore on 
the back side that fits very closcly over the outside diameter of the milling 
machine spindle, The cutter is mounted directly on the spindle nose, bolted 
to it by four clamping screws and the drive is provided by the two keys 
оп the spindle. Some very-small-diameter carbide face milling cutters have 
straight shank which is held in an adaptor or a collet. 

Fly Cutters and Fly-Cutter Holders. Fly cutters are single-point cutting 
tools used in lieu of milling cutters to mill various kinds of surfaces. They 
are held in a fly-cutter holder as shown in Fig. 5-31. Some fly-cutter holders 
fare made longer than the one in the illustration. These longer fly-cutter 
holders are designed to be supported by an arbor support mounted on 
the overarm. 

Fly cutters have the disadvantage of having only one cutting edge, 
which restricts the feed rate with which they can be used. They are, how- 
ever, very useful in jobbing shops and in tool and die shops. Different 
shapes сап be “form-milied” by simply grinding the cutting edge of the 
single-point cutting tool to the profile required. When only a few parts are 
to he made, this method is more economical than having an expensive 
special form milling cutter made. 
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Fig. 5-31. Fly cutters and fly cutter holder.‏ 
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Another type of fly cutter is shown in Fig. 5-32. It offers many advan- 
tages in performing face milling operations for whieh it is intended. The 
‘cutting tool is a standard single-point, high-specd-steel tool bit whieh ean 
be sharpened by hand. When used with a fine table feed rate, this cutter 
will produce an excellent surface finish on most m. ince only а 
single cutting edge engages the workpiece, the сш, is light, ena- 
bling frail parts to he milled and setups to be used which are somewhat 
less secure than required when milling ace milling cutter. Оп light, 
low powered milling machines, relatively large surfaces can be milled in 
a single pass that would oti require a series of passes with an end 
milling cutter. 


Cutting Speed for Milling 


‘The cutting speed for milling is the speed at the periphery of the eutter 
as it is rotating. In the customary 1 
is given in terms of feet per minute, or fpm, which d 
се feet per minute, or sfpm. In the metric system the cutting speed 
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J the City тен Die & Mile. Co, Ine. 
Fig. 532 Fly cutter for performing face milling operations with a single point tool. 
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is in meters per minute, or m/min. The recommended cutting speeds feet 
per minute are given in Tables 3-3 through 5-7 for milling various mate- 
rials with high-speed steel and cemented carbide cutters. To obtain meters 
per minute, multiply feet per minute by 3048. For each material a range 
of values is given to account for the shop variables encountered, which 
will be diseussed in the following paragraph. 

In addition to the cutting tool material, the cutting speed depends pri 
ımarily on the work material and its hardness. The hardness range for 
which the listed cutting speed is valid in the case of cach material is given 
їп the tables. In general, an increase in the hardness of a material reduces 
the speed at which it ean be eut, Since the hardness of а material is not 
always known in the shop, the material condition that is associated with 
а corresponding hardness in the table is given. The cutting speed is also 
influenecd by the feed rate, and to a lesser extent by the depth of cut, 
Heavier cuts using а heavy feed require a slower cutting speed than do 
lighter euts. Since the eost of replacing and sharpening a milling cutter is 
more than the cost of a single-point cutting tool, a longer tool life is more 
desirable for milling than for turning; therefore, the cutting speed for 
milling should he somewhat slower than for turning under the same tool 
and work material conditions. When using cemented carbide milling 
‘utters the grade of earbideused has an influence on the cutting speed that 
сап be used, The correct grade, as recommended by the carbide producer 

ter manufacturer, must be used. Where they сап be used, coated 
» eut successfully using a cutting speed that is 20 to 40 
per cent and sometimes up to 50 per cent higher than the values given in 
the cutting speed tables. In general, cemented carbide cutters having 
indexable inserts are operated at a somewhat faster cutting speed than 
those having brazed-on carbide tips, or blades to which the carbide is 
brazed. Other factors to consider in selecting the cutting speed are the 
design of the milling eutter and the rigidity of the workpiece, the setup, 
and the machine. When starting out to mill a new material, it is usually 
advisable to start at the lower end of the range of values given in the 
table; then, as experience is gained, the cutting speed may be inereased. 


Calculating the Cutting Speed 


‘The formulas for calculating the speed of the milling machine spindle. 
and the cutter are given below for inch and for тене units. Since the 
calculated speed may not be available on the machine, the closest avail- 
able speed should be used. On some machines the range between speeds 
is large and it may be advisable to tse the closest lower speed available. 


(Inch unitsonly) (54) 


(Metric units only) (5-2) 
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Table 5:3. Cutting Speed 


'arbon and Alloy Steels 


Ch. 5 


in Feet per Minute for Milling Plain 


m 
май SAE Suerte 


Саш Sp ira 


Free Machining Fain Carton Stoh 
(Gesupharaed ron 


ПЕТАР 


Pain Carton Sue 
aded EID. ныны 


mAN Е 
BEAN ED 2 
Ta o > 
% * 
| sre [men " 
кереки ен. (| Han REAR Ж | ш 
Ееее || nem УС oe 
кыйн». || mes | gar т 
г жп шток 
кы ф рз 
me [umanco] ө | эе 
mon [MEAS] Rom 
má ea = 
тшшш mm Mese ОШ 
eee ee ae Ld QandT » p 
AES HE 
[туе manco] m | у= 
i | kwe | 2 | m 
Foue Machining Moy Stes г FEE 
юлы. || som | gwit | B j ii 
(zaj seit HB 
sem Û HR AN CD] us | жт 
Fre Machining Ay ме 
айынын, || mene | memeo | w | s 
Mie ear sig tee nem | omit |e | ш 
bust ket A sees QandT Lj ito 
пн Û MRAM CD] væ 
пз | Miter” | "e 
enor & 
Ws [daar "| о» 
| $c 
bres | шт]! 


= Abbreviations 


HR. hot rolled CD. сыйда. А. 


N. normalised Qand T, 


m— 
quemhedindtenpered HB шегә mum ter nd RC а СЛИ hardness mer 


сһ.5 MILLING CUTTERS 135 


Table 5-3 (Cont.) Cutting Speed in Feet per Minute for Milling 
Plain Carbon and Alloy Steels 
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Where: 


Spindle and milling eutter speed; rpm 
utting speed; fpm, or m/min 
Diameter of mi in. ormm 
314 (pij 


Example 5:2 

А Y4-inch (12.7 mm) diameter Броні end mill 
and is to cut an 02 oil-bardening tool stee! having a hardness of 200-220 
HB. The cutting speed for thie steel ie 30 [ин (50 .3048=-15.2 m/min? 
Calculate the spindle speed, using both ineh trie units. 


as four teeth 
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Table 5-4. Cutting Speed in Feet per Minute for Milling Tool Steels 
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Milling Machine Table Feed Rate 
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Table 5-5. Cutting Speed in Feet per Minute for Milling Stainless 
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а guess can cause the milling cutter teeth to he overloaded or drastically 
underloaded, each of which will have an adverse effect on the cutter. The 
milling machine table feed rate is expressed in terms of inches per minute 
(in./min), or millimeters per minute (mm/min) on metric machines. To 
convert from one to the other: multiply in./min by 254 to obtain mm/ 
min; divide mm/min hy 25.4 to obtain in./min. 

Chip Load per Tooth. The basie measure of the feod rate of milling 
cutters is the chip load per tooth, which for customary inch units is 
expressed in terms of inch per tooth (in./tooth) ; in SI metric units it is 
expressed in terms of millimeters per tooth (mm/tooth). They can be 
converted from one into the other as follows: multiply in./tooth by 254 
to obtain mm/tooth; divide mm/tooth by 254 to obtain in./tooth. Recom- 
mended values of the basie feed rate are given in Tables 5-8 and 5-9 for 
different types of milling cutters and for different materials. Feed rates 
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Table 5-6. Cutting Speed in Feet per Minute for Milling Ferrous 
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Table 5-7. Cutting Speed in Feet per Minute for Milling Light Metals 
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Table 5-9. Feed in Inches per Tooth for Milling with Cemented 
Carbide Cutters 
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Table 5.9 (Cont) Feed in Inches per Tooth for Milling with 
Cement 


ted Carbide Cutters 
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less than approximately 001 in,/tooth (003 mm/tooth) should not he 
used except with small end mills and when milling certain very hard 
materials. At such low feed rates the teeth will tend to rub against the 
workpiece instead of penetrating to form a chip, resulting in excessive tool 
wear, With a dull eutter this may occur at even higher feed rates. 

Table Feed Rate Formula. The formula for the table feed rate, given 
below, can be used either with customary inch or 81 metric units, but not 
both at the same time. 


[ыл (53) 


Where: „= Feed rate of table; in./min, or mm/min 
Feed rate of cutter; in /tooth, or mm/tooth 
Number of teeth on cutter 

Spindle speed, or eutter speed; rpm 


Example 52 

A Y-inch (12.7 mm) diameter high-speed steel end mill having four 
teeth is to be used to mill a 250-inch (635-mm) deep slop in D2 high 
carbon, high chrome, too! steel which has been annealed to a hardness of 
200-210 HB. The spindle speed to be used is 300 rpm. Caleulate the table 
feed rate by using the inch units and then by using the metric units. 

The feed rate selected from Table 5-8 for a 14-inch end mill is 001 
in /tooth, oF 0.025 mm per/tooth 


nin (1.2 in./min) 
Estimating Milling Power 


The available power on any machine tool places а limit on the size of 
theeut it ean take. When а large amount of metal must be removed from 
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the workpiece it is necessary to estimate the maximum size of the cut that 
can be taken without overloading the machine. But since many machining 
operations require that only light cuts be taken for which the machine 
obviously has ample power, in such eases, estimating the power required 
to take the eut would be a wasteful efort. The formulas which follow can 
be used to estimate the power required for milling, Since conditions in 
different shops may vary and machine tools are not all designed alike, 
the calculated results may not correspond precisely with the results actu. 
ly obtained on the job; however, the calculations do provide a reason- 
able estimate which will sufice in most practical situations. 

‘The measure of power in customary inch units is the horsepower; in SI 
metric units the kilowatt is the measure of both mechanical and electric 
power. The power required to cut a material is dependent on the rate at 
which it is being eut and upon the power constant of the material, Ky. 
Each material has a power constant which will vary with the hardness of 
the material. The power constant is determined experimentally and is 
equal to the horsepower required to eut a material at a rate of one eubie 
inch per minute; in SI metric units the power constant i+ equal to the 
power in kilowatts required to cut а material at a rate of one cubic 
centimeter per second, or 1000 cubic millimeters per second (1em'— 1000 
mm’), Different values of the power constant are required for use with 
customary inch and with SI metrie units, which are related ax follows: 
to obtain the SL metrie power constant, mulfiply the inch power constant 

78; to obtain the inch power constant, divide the SI metric power 
constant by 2.73, The power constant is also called the unit horsepower, 
unit power, and the specific power consumption. Values of the power 
constant are provided in Tables 5-10, 5-11, and 5-12. 

The values of the power constant are essentially unaffected by the 
cutting speed, the depth of eut, and the cutting tool material when operat- 
ing at normal cutting conditions. There are, however, factors that do 
affect the value of the power constant and thereby the power required to 
cut a material, They include the hardness and microstructure of the work 
erial, the feed rate, the rake angle, and the condition, either sharp or 
ull, of the cutting ейде. Power constant factors for different feed rates 
are given in Table 5-13. The values in the power constant tables are for 
sharp cutting tools; however, all metal cutting tools wear as they are used 
and require more power to cut the material as they become dull or wor 
Factors to provide for tool wear are given in Table 5-14. In this table, 
extrasheavy-dluty face milling occurs only in the case of certain high pro- 
duction operations, such as are found in the automotive industry. Most 
other face milling operations are in the light- and medium-luty category. 
The effect of the rake angle сап usually be disreganied for average milling 
applications. The basic rake angle for most values found in the power 
constant tables is positive 14 degrees. Only when the deviation from this 
angle is great, is it necessary to consider the effect of the rake angle. If 
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Table 5-10. Power Constants, К, for Wrought Steels, Using Sharp 
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Table 5-11. Power Constant, K,. for Ferrous Cast Metals, Using 
Sharp Cutting Tools 
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Table 5-12. Power Constant, K,, for High Temperature Alloys, Tool 
Steel, Stainless Steel, and Nonferrous Metals, Using Sharp 
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the rake angle used is more positive, the power required will decrease 
approximately one per cent per degree; if the rake angle used is more 
negative the power required will inerease, again approximately one per 
cent per degree 

The machine tool serves to transmit the power from the driving motor 
to the cutter, where it is used to cut the workpiece. A measure of the 
efficiency by which this is done is the machine tool efficiency factor, E. 
Average values of this factor are given in Table 5-15. Cutting fluids will 
usually decrease the power required to cut the material when operating 
in the lower range of cutting speeds. It is not, however, possible to provide 
specific recommendations for the effect of cutting fluids because each 
cutting fluid exhibits its own characteristics. 

Formulas for estimating the power at the cutter and at the motor are 
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Table 5-13. Feed Factor, C, for Power Constants 
T эмеш 
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Table 5-14. Tool Wear Factors, W 
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given below. In using these formulas it will also be necessary to use 
Formulas 5-1, 5:2, and 5-3, which have been provided previous! 
chapter. 


For inch units only: 
Q=fowd (54) 
For SI metric units only 
wd "Р 
ا‎ (55) 
For cither inch or SI metrie units: 


„со 66 
cow 
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Table 5-15. Machine Tool Efficiency Factors, E 


[eese EO T ness T 1 
Tore Bek Drie zo] mer 
[SNP Е СН 


ower at the motor; hp, or kW 


Power constant (Sce Tables 5-10, 5-11, and 5-12) 
Metal removal rate; in.*/min, or cm'/s 
“eed factor for power constant (See Table 5-13) 
‘ool wear faetor (See Table 5-14) 
Machine tool efficiency factor (Sce Table 5:15) 


"ble feed rate; in./min, or mm/min 

idth of eut; in., or nm 
Depth of eut; іп, or mm 
Example 53 

А 125-in. (3.18-mm)-d inch (76.2-mm) -wide eut is to be taken 
in 180-200 HB gray cast iron with а H-tootb, 4inch (1016 mm) diameter 
shell end milling cutter, using a cutting speed of 70 fpm (21.3 m/min) 
and a feed of 006 in./tooth (0.13 mm /tooth], on a milling machine having 
an efficiency of .80. Using both inch and metric formulas, estimate the 
power at the motor required to take this cut 


60 (From Table 5-11) ; C= 1.15 (From Table 5-13) ; 
W = 1.10 (From Table 5-14) 
E 70 


Inch units: 


70 rpm (rounded) 


in./min (rounded) 
fwd =6X3% 125=2.25 in.'/min. 
K,CQW _ б0х115х225х1Л0 
E 80 

лар 

St metrie units: Ky= 1.64 (From Table 11); С: 
10 (From Table 5-14) 
= 100х213 
= a016 
15x 14> 70: 


= 1.15 (From Table 5-13) ; 


= 70 пип (rounded) 


50 mm/min (rounded) 
0.606 cm/s 
x110 


TKW (157x1341=2.1 bp) 

Whenever the maximum power available on a machine tool is to he 
utilized the cutting conditions should be seleeted in the following order: 
1. select the maximum depth of cut; 2. «elect the maximum feod rate 
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that сап be used; and 3. estimate the maximum cutting speed that will 
utilize the maximum power available on the machine tool. This order ix 
based on obtaining the longest too! life, while at the same time achieving 
the greatest amount of production possible from the machine tool. The. 
life of a cutting tool is affected most by the cutting speed. then by the 
feed rate, and least by the depth of cut. The maximum meta! removal rate 
‘of which the machine tool is capable, is used as the hasis for estimating 
the cutting speed that will utilize all of the power available on the 
machine for the material being eut. 
Brample 5-4 

А 5-inch-wide block of 210-220 HB H10 tool stee) is to be milled with 
an S-inch diameter, 10-tooth indexable insert, cemented carbide fare mill- 
ing cutter on a 20 hp milling machine. The power constant for the H10 
tool steel is $8. The amount of stock to be removed ìs 230 inch, which 
is to be removed in one cut. A feed rate of 012 in /toolh i» selected ах 
being the maximum that ean be used with the cutter, for whieh C= 1.00. 
"The tool wear factor, W, is 120 for this face milling operation and the 
machine tool efficiency factor is estimated to be 80. Estimate the cutting 
speed that will utilize the maximum power available on the machine, 


PLE ___ 20х80 p, G0) 
K, CW 58x 100x120 "= 


15 in#/min 


(Qf. wd) 
n= heme N) 
12у 
(- 25) 
Example 55 


Suggest the cutting conditione for milling the tool-stecl block in the 
previous example if the milling machine bas а 5-hp motor. 


Since there is less power available im this case, the metal removal 
rate must be reduced to enable tle eut to be taken on this machine. 
‘The width and depth of the cut remain unchanged. The metal removal 
rate will he reduced by reducing the feed rate to 005 in./tooth, for 
whieh Cz 118. 


Р.Е 5х 80 
„С = 110х120 
=3.18in/min 
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fax ese = 318, 
wd 5x 250 
in/mim (rounded) 
25 
Тт 05x10 


50 rpm 
=x8x50 


= 105 fp 
‘This cutting speed is below that recommended for cemented carbide 


and very close to the cutting speed recommended for high-speed steel 
On the 5 hp milling machine, it is evident that the maximum produc- 
tion rate сап be obtained with а high-speedsteel cutter. The tool 
steel block may be machined by shell end willing or by slab milling; 
in this case slab milling is selected. A inch diameter, 6-inch wide, 
heavy-duty plain milling cutter having 10 teeth will be used. The 
feed rate selected for this cutter is 005 in./tooth, From the tables, 
W=1.10 and Cz119. 


Qn. 


aed = 3x 200 


While this recommendation is perfectly valid for the conditions 
example that were examined, it is not a general recommen 
job is unique and must be examined on its own merits. Moreover, it is 
usually necessary to make small adjustments to suit the spindle speeds 
and the feed rates that are available on the machine. Generally, a set of 
cutting conditions сап be found that will utilize the eapacity of the 
machine when making such adjustments, 


chapter 6 


Milling Machine Operations 


Milling machines are used to perform a large variety of machining 
operations. In addition to those that can be classified as strietly milling 
operations using milling eutters, other operations, such as slotting, drilling, 
boring, reaming, ete, which do not utilize milling cutters and are per- 
formed on other machine tools, are often also performed on the milling 
machine, An example of the variety of operations that can be performed 
сап be obtained by studying Fig. 6-1. The different kinds of eutting tools 
used to machine the part that is clamped to the table сап be seen in the 
illustration, Although much of the work done on a milling machine in- 
volves the produetion of plane or contoured surfaces, large- and small- 
diameter holes are also frequently produced, Operations involving the use 
of the dividing head will be treated later in chapters exclusively devoted 
to this topi. 


 Courteny of Cincinnati Milaeron 
Fig. 6-1. Straddie milling the inside face of a casting. Tools for other milling 


operations are placed on a board to protect the milling machive and the cutting 


‘edges from damage 
151 
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Many of the principles pertaining to the operation of other machine 
tools discussed in previous chapters are used in conjunction with work 
commonly done on the milling machine. These include the principles of 
drilling, reaming, boring, and precision hole location. The principles of 
clamping in making a setup on planers apply equally well to clamping 
workpieces directly to the milling-machine table. The principles involved 
in doing accurate work in a shaper vise should be reviewed, for they also 
apply to milling-machine work when the part is held in a vise. Although it 
would be repetitious to cover all of this material again in this chapter, 
these principles must be kept in mind when the workpiece is set up and 
cuts taken on the milling machine. 


Conventional and Climb Milling 

Conventional milling is also called up milling. As illustrated in the up- 
per view of Fig. 6-2, the direction of motion of the milling cutter tooth 
as it engages the work is opposite from the direction of the movement of 


ue MILLING 


DOWN MILLING 


Fig 6-2 Upper view—conventional up milling. Lower view —climb or down milling. 


the work caused by the table feed. The cutting forces resulting from this 
method of milling will keep the feed screw nut against the same side of 
the feed screw thread as when feeding the table toward the cutter without 
taking а cut. Thus, the table and the workpiece will never have а tend- 
епсу to pull toward the cutter because of lost motion between the nut 
and the table feed screw. 
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In conventional milling a very thin chip is formed at the beginning of 
the cut. The thickness of the chip increases as the tooth proceeds along 
its path until it reaches а maximum in the position where the tooth leaves 
the workpiece. 

Climb milling has an advantage when certain materials, such as alumi- 
num, are milled, because it produces a much better surface finish on the 
workpiece than сап be obtained by conventional milling, Climb milling 
is also called down milling. As the lower view in Fig. 6-2 shows, the milling 
cutter tooth and the workpiece move in the same direction. The velocity 
of the milling cutter tooth is faster than the velocity of the table feed, 
which moves the work into the cutter and thereby forms the chip. The 
cutting force resulting from climb milling is in the same direction as the 
feed. This will cause the feed serew, which is attached to the table, to 
рий away from the side of the feed serew nut against which it was bearing 
as the work was approaching the cutter. In effect, since the workpiece 
will be pulled into the cutter by the action of the cutting forces, the work- 
piece, the cutter, and the milling-machine arbor can all be seriously dam- 
‘aged. Climb milling, therefore, must not be used in most instances, unie 
the milling machine is equipped with a backlash eliminator. Light pro- 
filing-type cuts ean often be taken with end milling cutters using the 
climb milling method. The magnitude of the cutting forces is usually low, 
and the weight of the table is sufficient to prevent the workpiece from 
being pulled into the cutter. Sometimes clamping the table lightly will add 
ап additional drag to the table so that the work will not be pulled into 
the cutter. 

Figure 6-2 shows that in climb or down milling the maximum chip 
thickness occurs at a point close to the position where the tooth makes 
the initial contact with the workpiece. As the cut continues the chip thick- 
ness decreases, reaching minimum where the tooth leaves the work- 
piece. 


Setting Up the Workpiece 

For most jobs done on a milling 
the most dificult and eritieal part of th 
only be securely clamped, but also be hel on the machine in such a posi 
tion that each surface to be machined will, when finished, be accurately 
aligned with other surfaces on the part. Accuracy in making a setup is 
essential on most jobs; without it, close tolerance work cannot be done, un- 
satisfactory workpieces that have to be serapped will result. Each setup 
must be planned in advance and then earricd out with care and patience 

‘The first step, then, is to plan the setup. While each setup is unique, 
inasmuch as it is made to suit the part to be milled, there are several basic 
types of setups, which will now be described. Large workpicecs arc usually 
placed on the top of the milling machine table, and are clamped there by 
means of strap clamps and T-slot bolts. a shown in Figs. 6-4, 6-5, and 
6-12. The principles of applying strap clamps have heen treated in detail 
in previous chapters and will not be repeated here, execpt to say that the 


inc, setting up the workpiece is 
work. The workpiece must not 
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Cent о Cim 

Fig. 63. Workpiece clamped with able jaws while cod smiling casting using a 

universal multi-aggle milling attachment on a toolroom type vertical milling 
machine 


шетт 


heel blocks should hold the clamps in a level position and the T-«lot bolts 
should be placed as close to the workpiece as possible. Table jaws, Fig. 
6-3, are convenient for holding the workpiece against the table; they can 
be placed in pairs over a T-slot anywhere along the table. The jaws are 
serrated amd sehen tightened exert а dowmrard clamping foree. Although 
it is sometimes neressary to place precision parallels between the work- 
piece and the table, this should be avoided whenever possible, Parallels 
are used in this manner when the workpiece must be raised above the 
table top to prevent the milling eutter or other cutting tool from cutting 
into the table, as shown in Fig. 6-4. The setup is less rigid when the work- 
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Centers of Tha Lepidi Ming Machine Co., Cutting Ted Di 


Fig. 64. Workpiece mounted on parallels to provide clearance for cemented carbide 
end mill used to mill alot 


picce is clamped on parallels and thus is more likely to deflect or slide 
when subjected to the cutting forces. In Fig. 6-4 two stops are placed in 
the T-slot to prevent the workpiece from sliding, otherwise lighter cuts 
would have to eral pieces of round bar stock 
ground parallel same height are used их parallels in the setup 
shown in F «c parallels have the advantage of requiring lese 
space and ean be positioned where re most needed without inter- 
fering with each other or with the T-slot bolts. The «trap clamps are 
placed dircetly above the parallels, which illustrates an important princi- 
ple in the application of these clamps. 

Freq the workpiece can be set up by clamping it in a milling 
machine vise, as shown in Fig. 6-8. This vise is a precision tool which must 
not be abused, but is to be used eorreetly. The principles of using precision 
vises were treated in detail in Chapter 2; they should he reviewed since 
they apply to both milling machine and shaper vises, Whenever possible, 
the forces generated by the milling cutter should be directed against the 
solid jaw of the milling machine vise rather than against the movable 
jaw. On many occasions, however, the work must he hed in the vise as 
shown in Fig. 6-8, where the largest component of the cutting force is 
parallel to the vise jaws. Long workpieces are sometimes held in two 
matehed vises, as shown in Fig. 6-10. 
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to provide clearance for cutter 


Angle plates, Fig. 6-6, provide a surface against which the workpiece 
сап be clamped, one that is perpendicular to the top of the machine table. 
When а surface must be milled perpendicular to a previously machined 
surface, the part can be clamped with the machined surface against the 
vertieal face of the angle plate. While there are other methods of milling 
surfaces perpendicular to each other, it is frequently most convenient to 
use an angle plate. As an example, the part in Fig. 6-6 could be machined 
оп а horizontal spindle milling machine with the finished surface of the 
when set up on a vertical 
is urfaces to be milled are more accessible 
to the operator for observing the cut. 
Before actual work in making the setup is started, the top of the milling 
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surface perpendicular to 
img inside surfaren, Parallels used 1 


machine table and all of the surfaces that arc to seat on it must be clean 
and free of small chips, nicks, or burrs; the surfaces seating on the table 
may be on the workpiece, on the bottom of the vise, or on а leg of an 
angle plate. Small chips, nicks, and burrs will prevent these surfaces from 
being accurately seated on the table. This condition will surcly be reflected 
оп the surfaces that arc machined during the setup. As a final check before 
placing a part on the table, run the bare fingers of the hand over the table 
top and the seating surface; this procedure will feel out the presence of 
апу small chips, nicks, and burrs A similar procedure is used before 
placing a part in a vise. After a part, vise, or angle plate is on the table, it 
must be aligned. 

Although the setup for each part is unique, usually the process becomes 
а matter of aligning some surface or axis on the workpiece in some speci- 
fied relationship with the axis of the milling-machine spindle. Fortunately, 
the construction of the knee and column milling machine is very helpful, 
if the operator remembers that the longitudinal feed is perpendicular to 
the spindle axis and that the transverse fecd is parallel to the spindle 
axis. For example, a vise may be set with its jaws parallel to the axis of 
the spindle as shown in Fig. 6-7. The dial test indicator is held on a mag- 
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icator ad a magnetic indicator base to align a vise jaw 
lingar hine spindle axia. 


Fig. 6-7. Using a dial 


parale! to the 


netic base which is attached to the face of the column. A precision paral- 
lel bar or a finish-machined surface on the workpiece is 
clamped against the solid jaw of the vise. With the indicator in contact 
with the parallel bar or finish-machined surface, the transverse feed is 
moved back and forth and the vise adjusted until the indicator reading 
is the same all along the bar. The jaws of the vise could be positioned 
perpendicular to the spindle axis, with the longitudinal instead of the 
transverse feed used when the parailel bar is being indicated 

‘The vise or the workpiece can be set with the solid jaw or a finished 
surface parallel to the spindle axis by the blade of a square being placed 
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against the finished surface of the work while the beam of the square is 
held firmly against the face of the milling-machine column. This method 
may be used either as a fast way of setting the part up or as a rough 
setup before the indicator is used as described. To obtain the most accu- 
rate setup, the part should be indicated. On some milling machines the 
face of the column is deliberately scraped slightly low in the center in 
order to insure that the knee will bear against the outer surface of the 
face. This, of course, will limit the accuracy of aligning the workpiece 
with the square. The side of the milling-machine table can be used as a 
reference surface for aligning a vise or a workpiece perpendicular to the 
spindle axis. Again, however, the dial test indicator, when used as de- 
scribed, is so convenient that itis the preferred method of aligning a part 
perpendicular to the spindle axis 

Settings at an angle to the spindle axis can be made by holding а pro- 
tractor against a finished surface while indicating along the blade using 
either the longitudinal or transverse feed. The side of the table or the 
table T-slots can serve as a reference surface for the protractor. The angle 
plate shown in Fig. 627 was located by this method. 

The vertical table feed сап also be used on occasion in aligning а 
workpiece with a dial test indicator. For example, the face of an angle 
plate could be checked for perpendicularity by placing an indicator on it 
and using the vertical table feed for reference. A precision square held 
оп the table of the milling machine could also be usea to make this 
alignment. 

From this discussion it is evident that a workpiece can be located on 
the milling-machine table by indicating directly against a reference sur- 
face on the workpiece, or by placing the reference surface against a 
surface which has a known location with respect to the spindle axis. The 
most difficult situation arises when a rough casting is to be machined оп 
which there are no previously finished surfaces. In such cases a layout 
should be made and the workpiece set up on the machine according to 
the layout lines. The procedure is described in Chapters 3 and 10 for work 
оп planers and horizontal boring machines, 

After the workpiece, vise, or angle plate has been aligned. it ix clamped 
firmly to the milling machine table. It is good practice to check the align- 
ment again after clamping. 


Slab Milling 

Slab milling is the operation of producing a flat or plane surface with 
а plain milling cutter. For this reason plain milling cutters are sometimes 
called slab milling cutters. The workpiece сап be held in a vise, as in 
Fig. 6-8, or it can be clamped directly to the table, as in Fig. 6-9. It is 
sometimes convenient to hold long workpieces in two vises, as shown in 
Fig. 6-10. 

To perform the slab milling operation the workpiece must be correctly 
set up on the machine and the arbor and milling cutters mounted in the 
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Ре. 6 Slab milling on a Cincinnati Toolmaster milling machine equipped with 
‘combination indie attached to the end of the overarm. 


spindle as described in Chapter 5. After the spindle speed and the feed 
rate have been calculated, the machine is set up accordingly. 

There are two methods of setting the depth of cut. One method is to 
set the table so that the milling cutter will cut below any scale on the 
surface of the workpiece without cutting the workpiece undersize. This 
setting is usually made visually. Next, a trial eut is taken and a measure- 
ment made of the surface that has been cut. The table is then moved 
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Fig. 6-9 Slab milling with workpiece clamped directly to the milling-machine table. 


vertically the distance required to cut the part to size as determined by 
the measurement. Finally, the entire surface is cut to size. When very 
accurate work is done, the best procedure is to take a rough cut over the 
entire surface leaving about 144 inch on the part for taking a finish cut. 

Another method of setting the depth of cut is shown in Fig 6-11, The 
depth of the cut required to mill the part to size is first determined by 
taking measurements on the part. Next, a long sliver of paper is placed 
between the surface of the workpiece and the cutter. After the milling- 
machine spindle is engaged, the work is positioned below the rotating 
cutter. The paper feeler is held in one hand, and the table is raised with 
the other hand by slowly turning the elevating screw crank. The paper 
feeler must be long enough to allow the fingers holding it to keep a safe 
distance from the rotating cutter. Carefully continue to raise the table 
until the cutter just grazes the paper feeler without cutting into it. When 
this occurs each tooth will exert a light pull on the paper which can 
readily be felt. Then move the workpicce clear of the cutter. The table 
is raised a distance equal to the depth of cut required plus the thickness 
of the paper fecler. The cutter and the workpiece are now in such а po- 
sition that the slab milling cut can be taken over the entire surface with- 
‘out an interruption, 

Generally a good surface finish is obtained on either stcel or cast-iron 
surfaces that are machined by slab milling. Cast-iron surfaces finished 
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Свемир ofthe Brown & Sharpe Manafecterng Compan 
Fig. 6-10. Slab milling a Jong workpiece that is clamped in two vises. 


by slab milling are usually similar in nature to shaped or planed surfaces 
in that they сап be easily hand-seraped when required. 


Side Milling 

In slab milling the plane surface that is machined is parallel to the 
axis of the milling-machine arbor. Side milling is the operation of ma- 
chining a plane surface perpendicular to the milling-machine arbor with 
ап arbor-mounted cutter called а side milling cutter. Figure 6-12 illustrates 
the side-milling operation. The eutter shown in this operation is an in- 
serted-tooth, cemented-carbide, side milling cutter. Since it is frequently 
necessary to bring the workpiece close to the arbor during the side-milling 
operation, extra precautions should be taken to make certain that the 
arbor is clear of all obstructions that might pass beneath it as the table 
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Fig 6-12. Cutting the side of the workpiece 


h a side milling cutter. 


feeds the workpiece past the cutter. In order to mill a flat surface with 
the side milling cutter, the longitudinal table feed must be continued 
until the cutter is completely clear of the workpiece. 
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In side milling, most of the metal is removed by the cutting action of 
the peripheral teeth of the side milling cutter, This cutting action causes 
û very small defection of the cutter and the workpiece away from each 
other, When the primary cut is finished, the work and the teeth of the 
cutter spring back toward each other. Because of this spring-back, the 
side milling cutter takes a very light cut or a secondary cut on the back 
part of the turn. The side teeth assist in taking the secondary cut. 


Straddle Milling 

Straddle milling is the milling of two parallel plane surfaces, or faces, 
that are perpendicular to the axis of the milling-machine arbor. Two side 
milling cutters are used—spaced apart so that the distance between the 
milled surfaces is obtained in one cut. In the straddle-milling opera- 
tion of Fig. 6-1 the inside bosses of the casting are finished in one cut, 
Note that the casting being machined is clamped onto parallels instead of 
directly to the table. This permits the sides to be milled without any 
danger of having the arbor support hitting the table. Another straddle- 
milling operation is shown in Fig. 6-12. This illustration is unique in that 
it shows a double straddle-milling operation. Here the outside and inside 
surfaces of the casting are being milled 

The accuracy of the surfaces produced by straddle milling is determined 
in part by the spacing of the face milling cutters on the milling-machine 
arbor, Since the face milling cutters must be sharpened by grinding from 
time to time, the spacing collars between the cutters must be adjusted 
to maintain the correct distance between the cutters. Sometimes special 
collars made from precision shim stock with a given thickness must be 
used in order to obtain an accurate spacing between the side-milling 
cutters, 


Gang Milling 


Gang milling is a production milling operation where two or more mill- 
ing cutters are mounted together on a milling-machine arbor in order to 
mill two or more surfaces simultaneously. A gang-milling operation is 
shown in Fig. 6-14. Almost every type of arbor-mounted milling cutter 
can be used in a gang-milling operation. Because of the number of sur- 
faces that сап be cut simultaneously, both production cost and time can 
be saved by gang milling. 

On a gang-milling operation the spindle speed is determined by the 
diameter of the largest cutter. The production rate is determined by the. 
table feed rate. This, in turn, is determined by the spindle speed of the 
cutter, and by the feed per tooth and the number of teeth of the cutters. 
It can be seen, therefore, that the diameters of the cutters should be as 
nearly alike as possible and the teeth of the cutters proportioned so that 
they can all use the same maximum table feed rate. If, on occasion, а 
large-diameter cutter in relation to the other cutters must be used, the 
larger cutter may be designed to have cemented-carbide teeth while the 
other cutters are made from high-speed steel. This arrangement permits 
the utilization of the optimum speed of the smaller-diameter high-speed 
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Fig 6-14. Gang milling operation 
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steel cutters. The larger cutter, having carbide teeth, will therefore not 
limit the spindle speed that сап be used. 


Face Milling 

Face milling is an operation for producing plane or flat surfaces using 
a face milling eutter. Very fast metal-removal rates are possible with face 
milling, especially when cemented earbide face milling eutters are used as 
these can be operated at high cutting speeds. A typical cemented carbide 
face milling operation is shown ‘The setup is designed so that 
the cutter will eut on the downward path of the (се, There are two 
important reasons for doing this: 1. The cutting forces push the casting 
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Fig. 6-15. Face milling with a carbide face milling cutter on  horitontal-spindle 
miling machine. 
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down against the of against the strap clamps; and, 2. The 
flow of the chips removed is directed downward and away from the ope 
tor. When face milling, the cutting forces are often very large and possible 
movement of the workpiece must be prevented by directing these forces 
toward a solid object, such as the milling machine table, to solid stops 
firmly clamped to the table, or to the solid jaw of a vise. The flow of chips 
resulting from a high-speed cemented carbide face milling operation can 
be hazardous; they must be directed away from the operator and protec 
tion must also be provided for other persons in the vicinity, Figure 6-16 
illustrates a heavy face mi 
‘Two step blocks arc e 
prevent it from mov 


tion on a vertical milling machin 


le at each end of the casting to 
еп by feeding {rom the operator's 
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left to his right so that the chip flow is directed toward the back of the 
machine and away from the operator. 

In face milling the automatic power feed should be kept engaged until 
the cutter is completely clear of the workpiece; otherwise the surface 
produced may not be perfectly flat. Although most of the metal is cut off 
by the primary cut taken by the peripheral teeth of the face milling 
cutter, the secondary eut taken at the “back” part of the turn as the 
cutter revolves will remove a small amount of metal. If the secondary 
cut is not taken completely across the workpiece, it is obvious that some- 
what more metal will be removed from that portion of the workpiece on 
which the secondary eut has been taken. The secondary eut will usually 
leave telltale feed marks on the workpiece. On some milling machines 
(see Fig. 4:29) these feed marks can be eliminated by slightly tilting the 
spindle into the eut, When a very smooth surface finish is required, a face 
milling cutter having a wiper blade or finishing inserts mounted оп the 
face of the cutter should be used. The cemented carbide face milling eut 
in Fig. 6-17 has two finishing inserts mounted on its face that produce а 
very smooth finish on 


iy straddling the ent as shown in view 
eut on either one side or the 


Fig 6-17, Taking a finishing eut on a 4 ith a face milling cutter having 
finishing teeth on fare to produre а smoorh surface 
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other of the face of the cutter as in view B. Whenever possible, the work- 
piece should be eut in one pass; the cutter diameter should be larger than 
the width of the eut by a ratio of 4 to 3, or 3 to 2. Very wide surfaces must 
be milled by a series of overlapping cuts. Overlapping face milling cuts 
should always be taken with the feed used to take each cut going in the 
same dircetion. The cutter is returned to the starting point for each new 
cut by moving the table во that the eutter passes around the outside of the 
surface being eut. 

Face milling cuts ean be taken by conventional cut (up milling) or by 
а climb eut (down milling), as shown in view B, Fig. 618. On a convem- 
tional eut the chip is initially very thin; it inereases and then decreases 
slightly until it leaves the eut somewhat abruptly. When the face milling 
cutter has sharp, positive rake blades good results аге obtained by this 
method, The cutting forces generated by the blades oppose the feed thus 
preventing the backlash between the fersserew and nut from causing the 
workpiece to he pulled into the cutter. It is recommended that a conven- 
tional eut be used for face milling on okler machines and on machines 
that do not have a blacklash eliminator (sce Fig, 4-31). The disadvantage 
of the conventional eut is that dull cutters and negative-rake face milling 
cutters have difficulty in starting the eut in the very thin chip region. In 
this area dull, honed, and negative-rake cutting edges tend to rub against 
rather than penetrate the surface of the workpiece, thereby generating 
heat and causing the cutting edge to wear. Also, the rubbing action work- 
hardens the work surface which may, in some cases, be severe enough to 
make penetration by the next blade more difficult 

On a climb cut, the blade, or insert, of the cutter starts by taking a 
heavy cut and eases out of the eut by producing a thin chip. Since most 
cemented carbide face milling cutters have a negative radial-rake angle, 
the face milling cut taken with these cutters should be a elimb cut when: 
ever possible. The climb eut, however, tends to pull the work into the 
cutter; therefore, this method should not be used unless the machine is 
either equipped with a backlash eliminator or the workpiece is heavy 
enough to prevent it from being pulled by the cutter. Also, climb cute are 
not recommended when the edge of the workpiece into which the initial 
penetration is made by the cutting edges of the cutter has a heavy abra- 
sive seale, 

‘A very important consideration when using cemented carbide face mill- 
ing cutters is the entry angle of the cutter teeth. This is illustrated in views 
Cand D, Fig. 6-18. Cemented carbides, although very hard, are also brittle. 
As a result, they do not withstand shock loads well, especially when they 
‘occur in a weak arca, such as at the tip of the cutting edge. Shock loads 
at the tip of the cutting edge very often cause the cutting edge to fail by 
breaking, When taking a climb cut, the initial contact with the edge of the 
workpiece causes a shock load, and the position on the eutting edge where 
this will occur is determined by the entry angle. In view C, Fig. 6-18, the 
center of the face milling eutter body is outside the edge of the workpiece 
against which the cutting edges make their initial contaet. When the cutter 
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body is in this position, the initial load on the teeth is taken at the very 
tip of the cutting edge, where, as mentioned previously, it is weak and 
liable to break. When the center of the eutter body is inside the edge of 
the workpiece against which initial contact is made by the teeth, as in 
view D, the initial contact on the teeth is behind the tip of the cutting. 
edge where the teeth have greater strength and are better able to with- 
stand shock loads. Therefore, whenever possible, when using a cemented 
carbide face milling cutter, the center of the cutter body should be inside 
the edge of the workpiece against which the teeth make their initial con- 
taet, as in views B and D. 

Another serious problem that sometimes occurs when face milling with 
cemented carbides is chip sticking. A chip may stick or be welded to the 
face of a carbide blade, or insert, as it leaves the cut and be carried around 
until the blade or insert starts into the next eut. When this blade or insert 
starts to penetrate the workpiece, the welded-on chip sets up a very high 
Joad which frequently causes the cutting edge to break. A prime cause 
of chip welding is using too light a feed per tooth; and here increasing the 
feed will often help. Other causes of chip sticking may be due to the grade 
of carbide used, choosing a speed that is too slow when cutting а soft 
material, too high when cutting a hard material, or taking a cut that is 
too wide. These causes suggest the steps to be taken to overcome this 
problem. Occasionally, changing the cut from a conventional to a climb 
eut will be helpful. 

Face milling eutters, depending on their size, are capable of very high 
metal removal rates which require a large amount of power. The available 
power on the machine often places a limit on the size of cut and the type 
of face milling eutter that ean be used. When planning to take a heavy 
face milling cut it is always advisable to determine in advance whether 
the machine has the power to take the cut, using the method deseribed in 
Chapter 5 of this volume. 


End Milling 

End milling eutters are very versatile cutters that ean 
variety of operations. Their usefulness is extended by the 
end milling cutters that are available. An end milling cutter is shown 
taking a facing cut on an inside surface of a casting in Fig. 6-19. The 
casting is clamped in an All-Steel vise, and the eut is taken by engaging 
the transverse automatic power feed. The facing cut shown is taken by 
using only the peripheral teeth or cutting edges of the end milling cutter, 
making the eut similar to slab milling. In Fig. 6-19 a pocket that bas 
previously been milled out with the end mill can be seen just behind the 
cutter. When cutting the pocket the peripheral teeth of the end mill re- 
move most of the metal, buf the end teeth do take а light scraping cut 
which is similar to the action of the end teeth on a face milling cutter. 

End mills are often used to cut slots, as shown in Fig. 6-20. One prob- 
Jem that can occur when slotting with an end milling cutter is the "par- 
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Conran of Стана Maron 
Fie 6-19. Facing а surface inside a casting with an end mill 


allelogram” or “wobble” slot, which is a slot with sides that are parallel 
to each other but not perpendicular to the bottom of the slot. This con- 
dition occurs most frequently when a two-fluted end mill is used with a 
large helix angle. It also occurs when an excessive flute length is project- 
ing from the spindle in which the end mill is held. The principal cause of 
the parallelogram slot is the deflection of the end milling cutter brought 
about when one fute is cutting into the material while the other flute is 
not cutting and is unsupported by a side of the slot. This condition is 
prevented by inereasing the spindle speed and decreasing the feed rate 
so that the chip load on each tooth is reduced. Decreasing the length of 
the end that is projecting from the end of the spindle will improve the 
rigidity of the setup and thereby reduce the tendency of the end mill 
to deflect and to produce a parallelogram slot. The parallelogram slot 
can also be prevented by using a four-fluted center-cutting type of end 
mill which receives better support from the sides of the slot. When the 
correct spindle speed and table feed rates are used, and when the setups 
of the work and the cutting tool are rigid, a straight slot can be cut with 
а two-fluted end mill 
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Fig 6-20, a slot with an end milling cutter 


Shell end milling cutters are usually used like face milling cutters to 
imill plane surfaces, and the principles of applying the «hell end milling 
cutters are the same as previously described for face milling cutters. They 
re also frequently used to eut square corners mid to mill wide «lots. To 
faces they аге sometimes used as a plain milling cutter by 
peripheral teeth only. A typical shell end milling ope 
ig 621 


mill plane 
cutting with thei 


tion is shown in 


Milling Keyseats 

Keyseats are slots that are cut lengthwise in shafts in which keys are 
held. The keys are used to transmit the driving torque that is conveyed 
to or from the shaft by pulleys, gears, or sprockets which are attached to 
the shaft. When required, keyseats are also used to align various machine 
elements which are sometimes attached to shafts. In addition, keys are 
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Fig. 621. Face milling a fat surface with a shell end mil 


occasionally used on machine elements other than shafts and parts that 
are attached to shafts. 

Milling machines are usually used to machine keyseats in shafts, The 
keyseat may be cut with a double side milling cutter (Figs. 6-22 and 6-23) 
used on a horizontal milling machine. Keyseats are frequently cut with 
end milling cutters, in which ease either a horizontal- or a vertical-spindle 
milling machine can be used. A vertical milling machine or a vertical 
spindle attachment is preferred for cutting keyseats, because it is савіег 
to align the cutter with respect to the workpiece, and the operation is 
easier for the milling-machine operator to observe. Keyseats in shafts 
that are too large to be handled on milling machines are usually cut on 
horizontal boring machines, In this ease milling cutters are used in the 
horizontal boring machine, and the procedures followed are essentially 
the same as those used on the milling machine. 

In general, staggered-tooth side milling cutters are preferred to plain. 
side milling cutters for milling keyseate, because the staggered-tooth cut- 
ter provides a smoother cutting action. Double side milling cutters can 
be used to cut keyseats which start and end in the central portion of the 
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Fig. 6-22. Using a rule a double side milling cutter in 
the center of a Tor milling keyseat. 


shaft without extending to the end of the shaft or to the end of the 
shoulder. This is possible because double side milling cutters can be 
plunged or sunk directly into the shaft at any point. 

Keyseats that are cut with ordinary four-fluted end milling cutters must. 
extend to the end of the shaft or to the end of a shoulder in order to al- 
low the cutter to enter the workpiece. These cutters cannot be sunk into 
the workpiece in the manner of a twist drill because the end teeth do 
not extend to the center of the cutter. Center-cutting-type end milling 
cutters on which the end cutting teeth extend to the center of the cutter 
are available. These cutters can have two, three, and four futes, although 
the two-fluted center-cutting-type end mills are the most common. Since 
these cutters can plunge directly into solid metal, they can be used to 
mill keyseats in the central portions of shafts. A type of key with a half- 
moon shape, called a Woodruff Key, is sometimes used. The keyseats 
for these keys are also half-moon shaped slots which must be cut with a 
special Woodruff Keyseat cutter 

The shaft in which the keyseat is to be milled сап be aligned and held 
in a milling machine in several different ways. It can be held in a milling- 
machine vise, or, if it is very long, in two vises. Larger shafts are some- 
times clamped directly onto the table over a T-slot, which helps to align 
the shaft on the milling machine. The shaft can also be clamped in a 
V-block, or in a matched pair of V-blocks, as shown in Figs 6-22 and 
6-23. The clamps holding the shaft in place are not seen in these illustra- 
tions. V-blocks can be aligned on the milling-machine table by placing 
them against a slot block, as shown in Fig. 6-22. In shops where round 
parts such as shafts are frequently machined on a milling machine, У- 
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Fig, 6-20. Procedure for centering a milling cutter in preparation for milling a keyseat. 

A. Touching up against blade of square using а feeler. B. Compensating for lost 

motion in feed serew by moving beyond center. C. Positioning the table to center 
the cutter. D. Cutting the keyseat 


blocks with a key in their base which fits into the T-slots of the table 
(see Fig. 6-24) are a useful accessory. A most convenient method of hold- 
ing shafts for milling keyseats is between the centers on the dividing 
head and the dividing head tailstock. This method accurately aligns the 
workpiece and provides a free access for the cutter to the surfaces to be 
milled. 

Before the keyseat can be cut, the milling cutter must be aligned with 
the center of the shaft. This can be done by first making a layout of the 
keyseat on the shaft and adjusting the table in the transverse direction 
until the cutter is within the layout lines. Frequently, however, the key- 
seat is cut without a layout in order to save time. Їп this case one of 
three procedures described in the following paragraphs сап be used to 
center the cutter with respect to the shaft. 

А square and a steel rule, as shown in Fig. 6-22, can be used to align 
the cutter with the center of the shaft. The square is held against the 
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Fig 6-24. Procedure for centering a milling cutter in preparation for milling a keyseat 
"by touching up against the side of the workpiece. 


side of the shaft, and the distance from the blade of the square to the 
side of the milling cutter is measured with a rule. The milling cutter 
should, of course, not be rotating. The table of the milling machine is 
adjusted until the measurement made by the rule is equal to one-half 
of the difference obtained when the width of the side milling cutter or 
the diameter of the end milling cutter, if used, is subtracted from the 
diameter of the shaft. For example, if the width of the side milling cutter 
in Fig. 6-22 is 375 inch and the diameter of the shaft is 1.500 inches, 
the cutter will be centered when the reading on the rule is equal to 
5625 or а inch. 

The other procedures depend on making accurate movements of the 


178 MILLING MACHINE OPERATIONS Ch.6 


table which are obtained by reading the micrometer dial of the trans- 
verse feed screw. One method is to hold the blade of a square against the. 
side of the workpiece and to move the table until the milling cutter, 
which must not be rotating, touches the blade as shown at A in Fig. 
6-23. The arrows in Fig. 6-23 indicate the direction that the table must 
be moved in order to reach the positions shown. It is helpful to place 
а thin paper feeler between the cutter and the square to gage the con- 
tact between the blade of the square and the milling eutter. The paper 
feeler should slip; however, a drag should be perceptible when it is pulled. 
‘The cutter and the blade of the square are then the thickness of the 
paper feeler apart. The distance that the table should be moved in order 
to center the cutter over the shaft should then be equal to one-half of 
the difference between the diameter of the shaft and the thickness of 
the side-milling cutter (or the diameter of an end milling cutter) minus 
the thickness of the paper feeler. For example, if the width of the cutter 
is 500 inch, the diameter of the shaft is 2.000 inches, and the thickness 
of the paper feeler is .003 inch, the distance that the table must be 
moved is (2000 — 500) + 2 — 003 = .747 inch. Before the table is moved 
to the center position, as determined by the reading of the micrometer 
dial, it should be moved beyond this position as shown at B in Fig. 6-23. 
The table is then moved to the center position illustrated at C in Fig. 
6-23, This procedure must be used to eliminate the error that can re- 
sult from the lost motion between the feed screw and the feed serew 
nut. Tt should be noted that the micrometer dial must be read when the 
table has reached positions A and C in order for it to move the exact 
distance required to align the cutter and the shaft. Also, observe that. 
the table is moved in the same direction to reach both position A and 
position С, The table is then moved vertically to obtain the required 
depth of cut, and the keyseat is cut to the required length as shown at. 
D, Fig. 6-23. 

"The third procedure can be used when it is possible to touch the side 
of the shaft with the milling cutter, as shown in Fig. 6-24. In this illus- 
tration a four-futed end milling cutter held in a vertical spindle is used. 
‘The milling cutter should be rotating while a long strip of paper is held 
between the cutter and the shaft with one hand. Simultaneously the 
other hand is used to turn the transverse feed handwheel in order to 
move the shaft toward the cutter slowly and carefully. When the teeth 
of the cutter just graze the paper without cutting into it, the table move- 
ment is stopped. The table is then centered by moving it а distance equal 
tothesum of the radius of the shaft, the radius of the end milling cutter, 
and the thickness of the paper feeler. For example, if the diameter of 
the shaft is 1.500 inches, the diameter of the end milling cutter is 500 
inch, and the thickness of the paper feeler is 003 inch, the table 

1500 , 500 
movement required to center the eutter would be 2500 + 999 + ооз = 
1.003 inches. 

Sometimes a vertical spindle is not available on a milling machine 

when a keyseat is to be cut. In this case the Кеузе must be cut with 
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the end milling cutter held in the horizontal spindle. The procedure used 
to align the shaft and the cutter is similar to that deseribed in the previous 
paragraph except that the table movements are vertical instead of trans- 
verse. The table is first raised until the rotating cutter just grazes а 
long paper feeler which is held between the top of the shaft and the 
cutter. Next, center the table by raising it an amount that is equal to 
the radius of the shaft, the radius of the end milling cutter, and the 
thickness of the paper feeler. If the shaft is too large to use this method, 
a layout must be made on the shaft and the keyseat cut to the layout lines. 


Milling Angular Surfaces. 

‘There are several methods of milling two surfaces at an angle to each 
other. A very common method is illustrated in Fig. 6-25, where a slot 
is being milled at an angle with respect to the sides while held in a 
swivel-base vise. The solid jaw of the vise, which is the locating surface, 
сап be positioned at any desired angle with respect to the direction of the 
table feed and the cutter. Graduations at the base of the vise facilitate 
setting the vise at the desired angle. Workpieces that cannot be conve. 
niently held in a у be clamped at an angular position on the table 
in order to mill an angular surface. Complex or compound angles can be 


Fig. 6-25. Using a swivel vise for angur straddle milling. 
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milled by holding the workpiece in a toolmaker's universal vise (sce Fig. 
4-23). A compound angle heing milled is shown їп Fig. 6-26, with the 
workpiece elamped in a vise that is itself clamped to an adjustable angle 
plate. In this illustration, hy clamping tbe workpiece in a vertical position, 
cither directly against the adjustable or in а vise, as shown, 
an ordinary angle can he eut. hapter 4 illustrates how 
an angular dle of а vertical milling 
attachment, Angular surfaces can also be milled by using angle milling eut. 
ters (Fig. 5-3), dovetail cutters (Fig, 6:32), and special form willing cut- 
ters (Fig. 54) 

Another method of angular п 


ıg is illustrated in view A, Fig, 627 


Cortes of the Bren & Sharpe Mie. Са 


cmd vise used to hold workpiece to shib mill 


Fig. 6.26, Adjustable angle pl 
‘compouad angle 
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Fig. 627. А. Workpiee tet up on angle plate to mill angular surface on horitontal 
spindle milling machine. For charity, clamps are not shown. B. Workpiece lo be 
machined 


ul the workpiece is shown in view B. The workpiece has a construction 
hole, whieh serves only to provide a reference axis to whieh the dimen- 
sions of the angular holes and angular surfaces can be related. In the shop 
a pin is pressed into the construction bole to provide a convenient gaging 
surface from whieh to work. 

‘The first step in doing this job is to align and clamp the angle plate to 
the milling machine table. e can be 
aligned with a bevel protractor, by kolding the head against a convenient 
ойде on the table, with the blade against the face of the angle plate. When 
the angle to be cut must he more precise, bar (sce Fig. 1621) and 
precision gage blocks can be used as shown in view A, Fig. 6-28. With the 
sine bar and gage blocks held against the angle plate, the sine bar is indi- 
cated by means of а dial test indicator attached to the milling machine 
column (or spindle), moving the table hack and forth longitudinally. If 
available, precision angle gage blocks (Fig. 1022) сап he used in place 
of the sine bar. 
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The next step is to establish а zero reference position from which the 
table ean be moved to mill the shoulder shown by the 1.500-ineh dimen- 
sion in Fig. 6-27. Sinec the 1.500sinel: dimension i» given from the axis of 
the constriction hole, the zero reference position is the longitudinal table 
position where the axis of the spindle and the axi of the construction hole 
coincide. To find thi» position, mount an edge finder? in a chuck, prefer- 
ably а collet chuck, that is held in the spindle, as shown in view В, Fig. 
6-28. Offset the contact т of the edge finder slight 
spindle, The contact ey with a noti 
йу. Carefully mov wlinally towanl the left (from right 
to left) until the hole pin, stopping 
The axis of the construe- 
ное, whieh is 
equal to one-half of the sum of the diameters of the constriction hole pin 
and the contact eylinder of the edge finder. On most edge finders, the 
diameter of the eontaet cylinder is 200 inch and, in this ease, the construe: 
n hole pin-diameter is .500 inch. The distance that the table must he 
moves to the left in order to align the axes of the spindle and the construe- 


E 


tion hole is then 9224 2200. 350 inch. When moved this distance the 


table is at the longitudinal zero reference position. The table must be 
moved to this position by approaching it from right to left to eliminate 
the effect of the backlash. For this reason it will be very important to 
approach the 1.500-ineh shoulder by also moving the table from right to 
left when this operation is perform 
position, the longitudinal feed кетен 
if the machine has a digital readout, 
After п fou 
spine, the first milling operation is to mill to «ize the surface defined by 
the 1405ine dimension in Fig. 6-27. The trial eut method is used and 
the necessary measurements are made with a depth micrometer from the 
1,495-inch surface to the construction hole pin. One-half of the diameter 
of the construction hole pin must be subtracted from the 1.496-inch dimen- 
sion to obtain the aetual micrometer reading when the surface is to size; 


thus, the micrometer reading should be 1.495- 200 1.245 inches 


The 1.300-inch shoulder ean now be milled. First, however, the distance 
from the zero reference position to the axis of the eutter when it is posi- 
tioned to take the finish eut on the shoulder must be found. To find this 
йымалсе it is necessary to know the aetual dimension of the shell end mill. 
This ean he done by measuring the cutter diameter with a micrometer 
caliper, placing thin strips of good quality notebook paper between the 
utter teeth and the micrometer anvil and spindle to protect these measur- 
ing surfaces. Of course, the thiekness of the two strips of paper must be 
subtracted from the micrometer rcading. In this ease the eutter diameter 


With the table at the zero reference 


‘Tee ers тт етее in Chapter 18. Yel. 1, К. ME. Mets. aio Shop Practire, And ed 
{See Ner insane Pres bes B 
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was found to be 3994 inches. The table is then returned to the zero refer- 
спее position, approaching this position hy moving from right to left, The 
distance from this position to the position of the cutter when finish milling 
the shoulder is found by adding one-half of the eutter diameter to the 


1400 ch dimension, or 39 +1 0024. After taking a rough ош 


the table is positioned 3.497 inches from the zero reference position to 
take the finish eut, moving to this position from right to left, The depth 
of these euts can be established by the trial-cut method, taking the neces- 
sary measurements from the previously finished 1.495-inch surface 

‘The second shoulder can he milled by using the triaLeut method with 
the necessary measurements taken from the 1500mch shoulder. This 
shoulder ean also be cut hy positioning the table at a calculated distance 
from the aero reference position when taking the finish eut. ‘The table 
setting for the finish cut is ealeulated by adding one-half of the cutter 
diameter to the distance to the shoulder from the zero reference position, 

x 39 (09 — 1.500) = 4.097 inches. This position also must be ap- 


proached hy moving the table from right to left. 


Tramming the Spindle 


The spindle on toolroom type vertical milling machines ean he tilted at 
am angle to take various types of an larly, the spindle on 
universal vertical milling attachments (Fig. 425) and on milling machines 
equipped with an overarm head (Fig. +29) can he tilted. After performing, 
the angular eutting operation, the spindle must be brought back to the 
vertieal position, with the spindle axi» precisely perpendicular to the top. 
of the milling machine table. This procedure, or operation, is called tram- 
ming the spindle and i illustrated in the fot in Fig. 6:29. 
‘The tools required to perform this operati in these illustra- 
tions; they include two matched precision parallels, a dial test indicator, 
a tramining bar, and а chuck to hold the tramming bar on the spindle 
The tramming har in the illustra rhalanced hy a thick knurled 
mut threaded! onto the end opposite that to which the dial test indicator is 
attached. 

The first step in performing this operation is to thoroughly elean the 
milling machine table top. All nieks, burrs, and small chips must be re- 
‘moved, and the elean condition should be verified by ru 
over the table-top surface. The setup consists of sim 
ming bar, attaching the dial test indicator as shown, and placing the 
precision parallel he table. The spindle is then lowered (or the 
knee raised! until the indicator touches a parallel and shows a reading 
Before proceeding further, the knee must be elamped to the column; this 
detail is sometimes overlooked, thereby producing inaccurate results. The 
indicator can then be adjusted to read zero. Position Id at cach end 
of the table, as showa in views А and B, Fig. 629, and take an indicator 
reading over the parallels as shown by turning the spindle t0 these posi 
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Ре. 6-29. Procedure for tramming sind of toolroom milling machine 


tions. Next, position a parallel below the spindle, as shown in views C and 
Р, and indicate the parallel opposite each side of the table, again turning 
the spindle to these positi lings will show the direc 
tion and the amount that the spindle head must be adjusted. Adjust the 
head accordingly and indicate over the parallels as before. Usually the 
spindle ean be {rammed most quiekly by working in only one direction 
at а time; Le, the dircetion shown by B, or by C and D. 
When both ind т tram in the 
other direction until hoth ind igs are zero. When all four indi- 
cator readings are zero, the spindle is precisely perpendicular to the top 
of the table within the limits of the accuraey of the test equipment used. 


Addit 
Circular milling is perfori 
called a circular table. A 


nal Milling-Machine Operations 
cd on a circular milling attachment, also 
it variety of work сап be done on the circular 


186 MILLING MACHINE OPERATIONS Ch.6 


milling attachment, or circular table. A typical circular milling process is 
shown in Fig. 6-30; in this oper: eireul: s being milled in the 
swivel table housing (see Fig. 4 icc and column milling 
machine, using a circular milling atta, ng a power feed. Another 
уре of job ean be seen in Fig. 5-6, where a large spur gear is being milled 
while clamped onto a circular table. This attachment has an index plate, 
capable of indexing the cireular table in equal increments or through a 
precise angle. A similar job is seen in Fig. 4-28, where the eireular table 
is indexed for eutting the teeth of an internal gear. In this ease the cutting. 
tool is a single-point form tool, ог slottin is given an up and 
down reciprocating motion һу the slotting attachment mounted on the 
face of the milling machine 

T-slots, like those found on machine tool tables, can be machined on 
а milling machine. А T-slot milling operation is illustrated in Fig. 6-31. 
‘The first step in this operation is to mill a rectangular slot with an end 
milling cutter or a staggered-tooth side milling cutter. The bottom of the 
rectangular slot is then enlarged to the shape of an inverted T with the 
‘T-slot milling cutter, which is used like an end milling cutter. Also used 
like an end milling cutter is a dovetail milling cutter, which cuts dovetail 
slides as shown in Fig. 0-32. 


Courtesy of the rows & Sharpe Mto. Co 
Fig. 6-30, 


Сити milling s slot using а power-ortwated ейпанае milling ta 
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In many shops the milling machine is also used to machine holes when 
it is convenient to do so. Drilling, boring, and reaming are operations 
readily performed on knee-and-column-type milling machines. The work- 
piece is always clamped firmly in a vise or to the table during these 
operations. The three directions of table movement, however, make it 
‘easy to align the drill, reamer, or boring tool with respect to the work- 
piece. On horizontal milling machines the workpiece is fed into the drill 
with the transverse table feed. The knee should be firmly clamped to 
the column when this operation is performed. The vertical head on heavy- 
duty vertical milling machines (see Fig. 4-9) should be used to feed 
the drill into the work so that the knee can be clamped to the column, 
Other vertical milling machines (see Fig. 4-10) have а quill-type spindle 
which is used to feed the drill into the workpiece. The hand feed of the 
quill on these machines is relatively sensitive, wi real advantage 


Courter of the Brown & Sharpe Manufacturing Company 


Fig 6-31. Milling a T-slot on an angular surface using а universal vertical milling head 
‘mounted on а shiding-head-type milling machine. 


188 MILLING MACHINE OPERATIONS. Ch.6 


сезне of Cincinnati Монет 
Fig 632. Milling a dovetail side with a dovetail milling cutter. 


when small holes are drilled. Some universal vertical-spindle milling heads 
that are mounted on horizontal milling machines have a quill-type spindle 
which can be used to feed the drill at an angle into the workpiece. 
Figure 6-33 illustrates a hole being drilled at an angle on a sliding-head- 
type milling machine with a quill-type universal vertical milling at- 
tachment, 


‘The Coordinate Measuring Attachment 

Vertical knee-and-eolumn-type milling machines ean be equipped with 
а, coordinate measuring attachment, which is used to accurately position 
the table and thus the workpiece with respect to the axis of the spindle. 
Several different types of coordinate measuring attachments are avi 
able, one of the most common of which is shown in Fig. 6-34. А trough 
is attached to the table, and another trough is attached to the knee. Pre- 
cision end measuring rods and а micrometer head placed end to end in 
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these troughs act as a length gage to position the table. The rods are 
made in 1-їпеһ inerements of length. Lengths of less than 1 inch are 
produced with the micrometer head. It has a “tenth” vernier that enables 
increments of one-ten-thousandths (.0001) inch to be obtained. 

An adjustable stop is located at one end of each trough. The adjust- 
ment is used only to zero the indicator located at the other end of the 
trough, after the reference axes of the workpiece have been located with 
respect to the spindle. No further adjustments are made to this stop. The 
dial test indieator provides a reference position in the trough for the 
rods and the micrometer. The table is always moved until the rods and 


секти of the Brown & Sharpe Manafecterng Company 


Fig. 6-33. Drilling a hole at an angle on a sliding-head-type milling machine. The drill 
is fed into the work by the quil-type spindle of the universal milling attachment. 
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Precision coordinate measuring attachment utilizing precision end 
rods and a micrometer head placed in each of the troughs 


the micrometer in the trough cause the indicator to read zero. When the 
indicator reads zero, the table is in the desired position. The graduations 
on the indicator read in one-ten-thousandths inch; however; they should 
not be used to make “tenth” table settings, which are done by the setting 
of the micrometer head. 

Care and cleanliness must be exercised in placing the rods and the 
micrometer in the troughs. The ends should be wiped clean before they 
are placed in the trough, and a check for cleanliness should be made after 
every table setting. This is done by slightly rotating each end rod and 
the micrometer while observing the hand of the dial test indicator. Any 
movement of the hand is an indication that there is dirt to be removed 
and that the table setting should be repeated. The table should always 
be backed off to release the rods and the micrometer before they are re- 
moved from the trough. 


Precision Hole Location 

Precision hole location operations are best performed on jig boring and 
jig grinding machines, as described in Chapter 15, Vol. 1 of the 2nd edition 
of this book. These machines are capable of producing the ultimate in 
precision machine work; however, they arc not available im all shops. 
Morcover, not all precision hole location work will require the very highest 
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degree of precision; therefore this work сап be done on a milling machine 
using toolmakers’ buttons and a procedure that i» very similar to the 
method of using toolmakers’ buttons on an engine lathe, which is also 
described in Chapter rationed above. Some toolroom milling ma: 

chines are equipped with a coordinate measuring system, which was de- 

seribed previously in this chapter under, "The Coordinate Measuring 
Attachment." The method of precision hole location using the coordinate 
ensuring system will now be described, The first step is always to tram 
the spindle as deseribed earlier in this chapter, unless the spindle is known. 
to be already in tram. 

‘There are four basie steps which should be followed in sequence to lo- 
cate and machine а hole on a milling machine equipped with a coordinate 
measuring attachment. They are: 1. align and clamp the workpiece to 
the milling machine table; 2. locate the two reference axes of the work- 
piece with respect to the spindle; 3. locate the hole to be machined; 4. drill 
and bore the hole to size. These steps will now be described. 

1. Align and Clamp the Workpiece. Coordinate dimensions should be 
used on the drawings to specify the location of the holes to be machined. 
The reference axes should be to the left and at the top of the view on 
which they are shown. The workpiece should then be placed on the mill- 
ing-machine table so that these reference axes will be to the left and to- 
ward the column of the machine. When placed in this position, the settings 
of the rods and the micrometer heads in the troughs will correspond ex- 
ith the coordinate dimensions on the drawings. 

Components of tools and dies are frequently made with two perpen- 
dicular edges from which the coordinate dimensions are given. Thus, they 
net as reference edges. An example is the Bushing Plate shown at А, 
Fig. 6-35. This plate must be placed on precision parallel bars to allow 
the cutting tools to clear the table. Before the elamps holding the plate 
to the table are firmly tightened, the upper cdge—which is placed toward 
the column—should be indicated with a dial test indicator ший this 
‘edge is parallel to the longitudinal table travel. It is then clamped in place. 

2. Locate the Two Reference Axes of the Workpiece with Respect to 
the Spindle. Again using the Bushing Plate in Fig. 6-39 as an example, 
find the location of the two reference edges with respect to the axis of 
the spindle. Several methods сап be used to do this (sec Chapter 15, 
Volume 1). In this case these edges will be “picked up" with an edge 
finder, an instrument consisting of a eylindrieal body on which а movable 
cylindrical contact is attached to one of the end faces. The diameter of 
this contact is 200 inch, which is less than the diameter of the body. 


With the edge finder held in the spindle by a chuck, the spindle is en- 
gaged. The contact is intentionally offset so that it wobbles as it rotates. 
‘The table is then moved longitudinally until the contaet touches the 
left edge of the Bushing Plate. As this movement continues the wobble 
of the contact will decrease until it ceases altogether. When this occurs 
the movement of the table is stopped, and the axis of the spindle will be 
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Fig 6-35 Schematic drawings showing 'ometer head settings and precision end 

measuring rode required for jig boring two holes in а bushing plate. A. bushing plate; 

By setting after picking up left-hand edge: C setting after piking e up eani 
D setting for boring first hole; E. setting for borme sorom hole 


one-half of the diameter of the contact, or 100 inch away from the left 
edge, The micrometer head is set to read .1000 inch and is to be placed in 
the trough located on the table. The adjustable stop is then adjusted un- 
til the dial test indicator reads zero. This position is shown at B, Fig. 
6-35, 

The reference edge which is placed toward the column is now picked. 
up in the same manner with the transverse table movement used. A mi- 
crometer head set to read 1000 inch is placed in the trough attached to 
the knee, and the indicator is zeroed by the fixed stop. This position is 
shown at C, Fig. 6-35. After the two reference edges are located with 
respect to the axis of the spindle, the table can now be located to machine 
the holes from this position. 

3. Locate the Hole. Set the micrometer head in the table trough to read 
8438 inch and then place it in this trough. Also place a 3-inch precision 
end measuring rod in this trough. Move the table to the left until the dial 
test indicator on the table reads zero. Set the micrometer in the knee 
trough to read 5825 inch. Place it and а 2-inch precision end measuring 
rod in the knee trough. Move the table in the transverse direction until the 
indicator on the knee reads zero. 
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The table is now located for machining the first hole. This position and 
the settings are illustrated schematically at D in Fig. 6-35. The hole that 
is the greatest distance from the reference edges should always be ma- 
chined first. The other holes are mackined by progressively moving the 
table so that the spindle approaches the reference edges. In this case the 
second hole is located when the Bushing Plate is in the position shown 
At E in Fig. 6-35. The micrometer head in the table trough is set to read 
„1250 inch and а 1-inch precision end measuring rod is also placed in this 
trough. Only the micrometer head, which is set to read 9375 inch, is 
placed in the knee trough. 

4. Drill and Bore the Hole. After locating each hole, follow the steps 
in the sequence below for the machining: 


a. Drill a spot with a center drill. The center drill, being short and stiff, 
will not deflect as it is cutting and will produce a spot that is in line 
with the axis of the spindle. 

b. Drill the hole through the plate with a %-inch twist drill. The 
Y4-incb drill will follow the spot made by the center drill closely. 
Enlarge the hole by drilling through the plate with a %-inch drill 

с. Bore the hole with a single-point boring tool held in an offset boring. 
head. An offset boring head is shown in the spindle of the milling 
machine in Fig. 6-34. It has a micrometer dial that can be used to 
accurately offset the boring tool in order to bore the hole to the de- 
sired diameter. 

Before the hole is bored to the finish size, at least one and prefer- 
ably two light boring cuts should be taken through the hole with a 
single-point boring tool, leaving the hole undersize. These cuts serve 
to correct any misalignment in the location of the hole caused by 
the previous drilling operations. 

The trial eut procedure is used to bore the hole. After a trial cut. 
that leaves the hole undersize is taken for a short distance in the 
hole, the diameter of the hole is measured. The offset boring head is 
adjusted the amount required to bore the hole to the desired size. If 
the hole is close to the finish size, another trial cut is taken and a 
measurement is made to verify the previous setting of the offset bor- 
ing head. If the size of the hole is correct, it is bored through the 
plate, 


Milling-Machine Fixtures 

Special work-holding fixtures are used on milling machines to increase 
their productivity by reducing the time required to position the part on 
the machine. Milling fixtures are also sometimes required to hold work- 
pieces that are shaped in such a way that they cannot be held by any 
other method. 

‘The casting in Fig. 6-33 is held on а plate which can be classified as a 
simple fixture. The bottom surface of the casting has been previously 
finish-machined and has a keyway cut into it. A key on the plate fits into 
this keyway. A second key on the lower side of the plate fits the T-slots 
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of the milling machine and thereby aligns both the plate and the work- 
piece with respect to the table. The casting and the plate are clamped to 
the table by strap clamps which are supported by heel blocks as shown. 
‘The use of this simple fixture reduces the time required to set up the 
casting and provides a very effective method of positioning the bottom 
surfaces so that the upper surfaces will be machined in alignment with 
them, 

А fixture mounted on a circular table is shown in Fig. 6-36. This fixture 
rapidly locates the part and holds it so that the circular slot can be eut by 
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Fig 6-36. End milling a circular slot in а part eld by a milling machine fixture 
that is clamped on the circular table 
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Fig 6-37. Setup for milling a large radius on a milling machine. 


the end mill. A special fixture for milling large radii is shown in Fig, 6-37. 
‘The subplate on which the workpiece is mounted is pivoted by a stationary 
pin at one end and is driven by a driving pin fastened to the circular 
milling attachment at the other end. The driving pin is free to move in 
the slot in the subplate. 


CHAPTER 7 


Indexing 


Indexing is the operation of rotating a workpiece ап exact amount. The 
purpose may be to rotate the part an exact angie, or to space equally 
spaced divisions around a circumference, such as gear teeth or holes in a 
hole circle, Indexing is usually done with à mechanism called a dividing 
head, Fig. 7-1, which is also called an index head, Circular tables, also 
called rotary tables or circular milling attachments, Fig, 8-6, are also used 
to perform the indexing operations when they are equipped with an index 
plate 


Comte of Cincinnati Mileron 
Fig 7-1, Cincinnati Universa) Dividing Head with descriptive keys. 

Left: front view. A. spindle; B. diet index pin; С. housing; D. index plate; E. sec- 

tor arme; F. index pin; G. index crank; Н index plate stop pin; I. base. 

Right: rear view. A. drive shaft (for helical milling); В. spindle clamp lever; C. worm 

shaft housing and eccentric 


Indexing operations are most frequently performed on a milling machine 
because of its great versatility. Therefore, indexing is usually associated 
with milling-machine work. There are many occasions, however, when 
indexing is done on other types of machine tools. There are no restrictions 
to the use of the dividing head other than the ability of the machine tool 
to support it and the ability of the dividing head to support the workpiece. 
For example, dividing-head work is rarely, if ever, done on a lathe. 
Dividing heads are used occasionally, however, on shapers, planers, 
196 
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drilling machines, and often on jig borers. The dividing head is also used 
to index parts which are being inspeeted, this work being done on a sur- 
face plate. 

This chapter will treat the calculations that are necessary in order to 
make practical use of the dividing head. Examples of the work done on 
the dividing head and the use of the dividing head for helical milling will 
be discussed in the following chapters. 


‘The Cincinnati Universal Dividing Head 

Dividing heads, or index heads, may vary somewhat in their design 
However, the principle of operation of all dividing heads is the same. 
The main characteristics of a Cincinnati Universal Dividing Head are 
shown in Fig. 7-1. The dividing-head housing is held in a swivel block 
that is clamped to the machine tool table. Two keys attached to the 
bottom of the swivel block fit into the T-slots of the machine tool table 
and are used to align the dividing head. The keys may be removed if 
desired. The housing contains the mechanism of the dividing head. It can 
be tilted to position the spindle at any angle from 5 degrees below the 
horizontal position to 5 degrees beyond the vertical position. A seale in 
degrees which is supplemented by a vernier seale allows very accurate 
angular settings to be made. Brake-band-type clamps on the swivel block 
clamp the housing firmly in the desired position. 

For indexing, the dividing-head mechanism is actuated by turning the 
crank at the side of the dividing head. A driving mechanism, shown in 
Fig. 9-5, is used to actuate the universal dividing head for helical mill- 
ing operations, When the crank is used to actuate the dividing head, it 
turns а short shaft having a spur gear attached to its other end inside 
of the dividing-head housing. This gear engages a gear with an equal 
number of teeth which is located on a worm shaft; thus, the worm shaft. 
rotates the same number of revolutions as the shaft to which the crank. 
is attached, The worm shaft, illustrated in Fig. 7-2, engages a worm 
gear which is firmly mounted on the spindle of the dividing head. 

The worm has a single thread and the worm gear has 40 teeth. There- 
fore, when the worm turns one revolution the worm gear and the spindle 
will turn %o revolution. In order for the spindle to make one complete 
revolution the worm must turn 40 revolutions. Since the gear ratio be- 
tween the worm gear shaft and the shaft to which the crank is attached 
is 1 to 1, the crank must turn 40 revolutions to make the spindle turn 
one revolution; or, when the crank is turned one revolution, the spindle 
turns 0 revolution. The dividing-head ratio, therefore, is 40 to 1. This 
is the ratio of most dividing heads. However, one prominent manufac- 
turer, the Kearney & Trecker Corporation, builds a dividing head with 
a gear ratio of 5 to 1. 

The worm shaft of the Cincinnati Universal dividing head, shown in 
Figs. 7-1 and 7-2, is mounted in a worm shaft housing. The bearings in 
this housing whieh support the worm shaft are eccentrie with respect to 
the axis of the housing so that when the housing is rotated, the worm 
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Fig 7-2 View of spindle abd worm-gear arrangement of a universa dividing head 


shaft moves toward or away from the worm gear in a circular path. Thus, 
the worm can be disengaged from the worm gear, thereby allowing the 
spindle to rotate freely. The worm is disengaged from the worm gear by 
turning the wormshaft housing that сап be seen extending outside the 
dividing hend housing at C, Fig. 7-1. This feature ean be used to perform 
direct indexing and to align workpieces held by the dividing head. 

The spindle of the dividing head is hollow. The nose of the spindle of 
most modern dividing heads is identical in design to the spindle nose of 
modern milling machines. This permits chucks and collets to be used inter- 
changeably between the nose milling-machine spindle and the dividing 
head. The spindle nose on dividing heads of older design do not have this 
feature. On older dividing heads the taper is usually а Morse or a Brown 
& Sharpe taper, while on the modern dividing heads the taper is the Amer- 
ican Standard Milling Machine Spindle Nose Taper. Larger chucks and 
faceplates can be bolted to the nose and are driven by the driving key. 
‘Work-supporting centers and collet chucks are held in the inside taper of 
the spindle. The direct indexing pin engages a group of 24 equally spaced 
holes located on the outer cylindrical surface of the nose. These holes are 
used for direct indexing. The spindle can be clamped firmly in position by 
turning the spindle-clamping lever. The spindle should always be clamped 
whenever a cut is taken. 
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А basic component of the dividing head is the index plate which is 
mounted behind the crank. The index plate of the Cincinnati Universal 
Dividing Head has 11 concentric rows of holes called hole circles, each of 
which contains a different number of equally spaced holes. The crank can 
be positioned radially to allow the index pin, located at the outer end of 
the crank, to engage the holes in any hole circle. By placing the index pin 
in selected holes in a particular hole circle, the crank can be made to ro- 
tate a certain fractional part of a revolution. This, in turn, makes it 
possible to accurately rotate the dividing-head spindle a desired amount, 
‘The Cincinnati Universal Dividing Head is supplied with one standard 
index plate which has cireles on both the front and back side, The hole 
circles in this plate are: 


Side A: 24, 25, 28, 30, 34, 37, 38, 39, 41, 42, 43 
Side B: 46, 47, 49, 51, 53, 54, 57 58, 59, 62, 66 


Although these hole circles will take care of most ordinary work, a 
greater range is sometimes required. This m vbtained by using three addi- 
tional index plates that can be furnished with the dividing head, These 
additional plates, called "High Number Index Plates,” have the follow- 
ing hole circles: 


Side A: 189, 177, 171, 147, 129, 117, 99, 91, 69, 48, 30 
Side B: 199, 183, 169, 157, 141, 127, 111, 97, 81, 67, 36 


Side A: 197, 181, 167, 153, 139, 123, 109, 93, 79, 46, 34 
Side B: 199, 179, 16%, 151, 137, 121, ЮТ, 89, 77, 44, 32 


Side A: 191, 175, 165, 149, 133, 119, 103, 87, 73, 42, 26 
Side B: 187, 173, 159, 143, 181, 113, 101, 83, 71, 38, 28 


One hole in each hole circle has a number stamped adjacent to it which 
designates the number of holes in the hole circle. The indexing operation 
should always start from this hole because it can be easily identified 
Should an error occur in indexing, or be suspected of having occurred, it is 
always possible to return to the starting position from which a check can 
be made by repeating the previous indexing moves. 

The index plate is held in position by the index plate stop pin (see 
Н, Fig. 7-1). When plain indexing operations are performed, the stop 
pin is used to keep the index plate from rotating. When helical milling 
operations are performed, the index plate must rotate with the index pin 
engaged in order to drive the crank. In this case the stop pin must be dis- 
engaged. Notches are cut for a length of 2 inches along the circumference 
of the index plate and are spaced 060 inch apart. When the stop pin is 
disengaged and the index plate turned together with the erank a distance 
of one notch space, the spindle will rotate 1/18,460 of a revolution or an 
angle of 1.17 minutes, This adjustment is convenient for correcting slight. 
misalignments that might occur during an indexing operation or the set- 
ting up of the workpiece on the dividing head 
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The purpose of the seetor arms, shown at E, Fig. 7-1, is to make it 
unnecessary to count the number of holes to be indexed during a number 
of repetitive indexing moves. This, of course, saves time, as well as avoids 
mistakes that can be made in counting The sector arms are free to rotate 
over the face of the index plate, and the spread, or angle, made by the 
two sector arms can be adjusted to any desired setting. Each sector arm 
has one beveled edge which is used to locate the hole in the index plate. 
The total spread of the sector arms must include the hole in which the in- 
Чех рїп is positioned before the start of each indexing movement. Failure 
to recognize this is sometimes а source of а mistake in setting up the 
dividing head. Thus, the spread of the sector arms must be equal to the 
number of holes to be indexed plus one. 


‘The Brown & Sharpe Universal Spiral Index Center 
‘The Brown & Sharpe Universal Spiral Index Center, shown in Fig. 7-3, 

has a 40 to 1 ratio. The worm can be disengaged from the worm gear in 
order to do direct indexing. A plate attached to the spindle nose has 24 
equally spaced holes on a hole circle around its face and is used for direct. 
indexing. A pin, located in the housing, engages the direct indexing holes. 
‘This index head is equipped with two index plates having the following 
hole circles: 

Plate 1: 15, 16, 19, 23, 31, 37, 41, 43, 49 

Plate 2: 17, 18, ‚ 27, 29, 33, 39, 47 


ео 


сонни d the Brown & Sharpe Manufacturing Company 
Fig 7:3 The Brown & Sharpe Universal Spiral Index Head 
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A wider range of divisions can be obtained with the differential indexing 
method, which will be explained later in this chapter. For the present it 
is sufficient to say that this method of indexing involves coupling the gears 
and the driving unit to the index head. The same gears and driving unit. 
are also used to perform helical milling operations. The change gears that 
are available have the following number of teeth: 24 (2 gears), 28, 32, 40, 
44, 48, 56, 64, 72, 86, and 100. 

Figure 7-3 also shows the footstock, or tailstock, which is used to sup- 
port one end of a workpiece or a mandrel when it is being held between 
centers. The center of the footstock may be elevated to support tapered 
parts, The headstock center, shown in Fig. 7-3, has a driver plate attached 
to it, It is held in the spindle by means of a short draw-in-bolt shown 
lying to the left of the center. An extended center is shown lying behind 
the headstock center. This is used only for differential indexing, A spline 
is provided at the opposite end of the center for mounting a change gear. 
А center rest, used to support slender workpieces, is shown standing be- 
tween the dividing head and the footstock. 


Dividing-Head Operating Procedure 

‘The procedure of operating a dividing head is quite simple. However, 
an indexing error will occur unless the details of this procedure are closely 
followed. The procedure starts with the initial setting of the erank. The 
first cutting operation should always be performed with the index pin in 
опе of the holes adjacent to the number on the plate indicating the num- 
ber of holes in the hole circle. In this way it is always possible to return 
to the initial dividing head setting because the first hole is identified by 
being a numbered hole. This is useful if a mistake in indexing has oc- 
curred. By returning to the initial position, the indexing movements can 
be retraced and the error found or corrected. 

‘The index plate pin must be carefully positioned in each hole of the 
index plate which it is to enter. The pin can be kept in a retracted posi- 
tion when the crank is turned by giving the knob at the end of the erank 
а partial turn. The indexing operation is almost always performed by 
rotating the crank in a clockwise direction. Before the index plate pin 
reaches the hole in which it is to be inserted, it is allowed to come forward 
and touch the index plate. The crank is then gently "bumped" with the 
hand until the pin “drops” into the hole by the pressure of the spring 
behind it (see Fig. 7-3). The spindle is then locked and the sector arms 
rotated until the beveled edge of the trailing sector arm contacts the in- 
dex plate pin. The cutting operation is performed, and the spindle is un- 
locked. The pin is retracted and the crank is turned the required number 
of complete turns plus a distance that would bring the pin just ahead of 
the hole in which it is to be placed. This hole is identified by the beveled 
edge of the leading sector arm. The pin is "bumped" into the hole as be- 
fore. These operations are repeated until the job is done. 

If the index plate pin is accidentally moved beyond the hole in 
it should be positioned, the crank should be moved counterclockwi 


ich 
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partial turn and then moved clockwise again until the pin is just ahead 
of the hole, It is bumped toward the hole until the spring pressure causes 
it to "drop" into the hole. This procedure compensates for the backlash 
between the worm and the worm gear which, if ignored, could cause ап 
error to occur. 


Direct Indexing 

Direet indexing is done by disengaging the worm from the worm gear 
o that the spindle ean be rotated freely by hand. The direct index pin is 
inserted into one of the 24 equally spaced holes drilled into the spindle 
nose of the dividing head shown in Figs. 7-1 and 7-2. The dividing head 
in Fig. 7-3 has a 24-hole index plate mounted on the nose into which a 
direct index pin is inserted. 

‘Any number of divisions that can be divided evenly into 24 сап be in- 
dexed. These numbers are 2, 3, 4, 6, 8, 12, and 24. The number of holes 
that must be indexed to obtain the required number of divisions is cal- 
culated by dividing the total number of holes on the spindle nose by the 
number of divisions required. 


Example 7-1: 

The dividing head in Fig. 7-1 is to be used to drill eight equally spaced 
holes on a hole circle on a cover plate. Calculate the dividing-head move- 
ment if the direct indexing method is to be used. 


E 
N - 1.3 
о holes = 3 


Thus, the spindle should be moved three holes for each index. When 
counting the three holes, do not count the hole initially occupied by the 
direct index pin. The direct method of indexing is fast when only a few 
divisions are required because it saves the time necessary to turn the in- 
dex crank a number of complete revolutions. 


Plain indexing 

In plain indexing, perhaps the most common method of indexing, the 
dividing-head spindle is indexed a required amount with the crank and 
the index plate. The workpiece, being rotated by the dividing-head spin- 
dle, is indexed the same amount as the spindle. In order to do plain index- 
ing, the worm and the worm gear of the dividing head must be engaged. 

"The information required to select the index plate and to make the 
correct indexing movement of the erank сап be obtained by applying the 
following formula: 


Ga 


N 


Number of complete and fractional parts of a turn of the crank 
Sumber of divisions required on the workpiece 
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Formula 7-1 is applied by following the steps that are listed here: 


1. Solve Formula 7-1 to obtain a whole number and a fraction. 
2. The whole number, if it exists, is the complete number of turns 
that the crank must make in order to index the required divisions. 
3. The remaining fraction is the fractional part of a turn that the 
crank must make. It is used to determine the hole circle and the 
number of holes that must be indexed by using the following 
procedure: 
а. Find a hole circle on an available index plate into which the 
denominator, or the lowest denominator, can be evenly divided 
and determine the resulting quotient. 
Multiply both the numerator and the denominator of the frac- 
tion resulting from Formula 7-1, or the reduced fraction having 
the lowest denominator, by the quotient obtained in Step 3a. 
‘The denominator of this product will be the hole circle that 
must be used, and the numerator will be equal to the number 
of holes to be indexed. 


‘The procedure сап perhaps best be learned by carefully following a few 
examples. 


Ezample 7- 
Determine the hole circle to be used and the indexing movement re- 
quired to index 54 divisions using a Cincinnati Universal Dividing Head 


40 0ے‎ 
N 5 


Thus, the erank must make 40/54 fractional part of a turn, and no whole. 
number of turns is required. Since the standard index plate has a 54-hole 
circle, the crank can be made to rotate 40/54 of a turn by moving 40 holes 
in the 54-hole circle. 


Example 7-3: 

Determine the hole circle to be used and the indexing movement ге- 
quired to index 27 divisions using a Cincinnati Universal Dividing Head. 
13 


40 113 
Lon B 


m om 


The crank must make one complete turn plus 13/27 fractional part of a 
turn. As а 27-hole circle is not available, a hole circle other than 27 must. 
be found. An inspection of the hole circle on the standard index plate 
shows that a 54-hole circle is available and that 54 + 27 = 2. Therefore, 
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the numerator and the denominator of the fraction 13/27 must be multi- 
plied by 2—which does not change the value of the fraction. 

13x2‏ ا 

Trait bare PRS 


Ej 
т-1+щ = 


Thus, to index 27 divisions the erank is made to turn one complete turn 
plus 26 holes in the 54-hole circle. 


Example 7-4: 
‘The workpiece is to be indexed 25 divisions using the Brown & Sharpe 


Universal Dividing Head. Determine the hole cirele and the dividing-head 
movement required to do this job. 


А 25-hole circle is not available, and there is no hole circle into which 
25 can be divided. The fraction 15/25 must therefore be reduced to its low- 
est denominator. This is done by dividing the numerator and the denom- 
nator by the largest number which will divide evenly into both of these 
terms, In this example the numerator and the denominator are divided 
by5, 
Thus: 
3 
т-1+5 
Now find а hole circle into which the numerator can be evenly divided 
and find the quotient. The numerator will divide evenly into 20, and 
20 + 5 = 4, Multiplying both the numerator and the denominator by 4: 
3x4 12 
- -1 
Tart Paty 
‘Thus, 25 divisions сап be indexed by indexing one complete turn plus 12 
holes in the 20-hole circle. 
Formula 7-1 must be modified when the Kearney & Trecker dividing 
head, which has a 5 to 1 gear ratio, is used. 


(7-18) 


This dividing head is equipped with an index plate with the following 
hole cireles: 


Side A: 98, 88, 78, 76, 68, 58, 54 
Side B: 100, 96, 92, 84, 72, 66, 60. 
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Example 7-5 
Determine the hole circle and the indexing movement required to index 
14 divisions with a Kearney & Trecker dividing head. 


8.5. 8X 
“NTN NX 
2 


Thus, the 14 divisions can be obtained by indexing 30 holes in the 84- 
hole circle. 


Differential Indexing 

Many divisions cannot be obtained by plain indexing because an index 
plate with the necessary hole circles is not available. The Brown & Sharpe 
Manufacturing Company has developed a method of indexing, called dif- 
ferential indexing, by which the range of their dividing head (see Fig. 
7-4) can be extended to index all numbers between 1 and 382. In addi- 
tion, many other numbers beyond 382 can also be indexed. 


Courter of the Brown & Sharpe Mensfectering Company 
Fig. 7-4 Index head geared to index 271 divisions by the differential indexing method. 


206 INDEXING сһ.7 


By tbis method, the index crank is indexed a predetermined number 
of holes іп a given hole circle. The procedure is like plain indexing except 
that the index plate moves in the same or opposite direction to the erank 
by the action of a train of gears shown in Figs. 7-4 through 7-6. The total 
movement of the erank at every indexing is, therefore, equal to its move- 
ment relative to the index plate plus the movement of the plate when 
the plate moves in the same direction as the crank; or minus the move- 
ment of the plate when the plate moves in the opposite direction to the 
crank. 


Courtesy of the Brown & Sharpe Manufacturing Company 
Fig. 7-5 Index head geared to index 319 divisions by the differen 


1 indexing method. 


The spindle of the index head is connected to gear E, Fig. 7-4, by means 
of a special differential indexing center shown in Fig. 7-3. Gear E is con- 
nected to gear C by idler gear D. Gear C drives a shaft which rotates a 
worm and worm gear inside the index head causing the index plate to 
rotate. When differential indexing, the index plate must be disconnected by 
disengaging а stop pin that holds it in place. The idler gear D has no effect. 
on the gear ratio between gears E and C except to change the direction of 
rotation of the index plate relative to the index crank. When one idler 
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gear is used, as in Fig. 7-4, the index plate and the index crank rotate 
in the same direction. When two idler gears, D, and Ds, are used, as in 
Fig. 7-5, the crank and the index plate rotate in opposite directions. 

Tt is necessary to make two calculations in order to determine the 
setup for differential indexing: 


1. Calculate the number of holes and the hole circle required for the 
index head erank movement. 
2. Calculate the change gear ratio. 


The first step in calculating the index head setting for differential 
indexing is to select some arbitrary number of divisions that are either 


slightly greater or slightly less than the required number of divisions. 
‘The selected number of divisions must be such that they can be indexed 
with one of the standard index plates. It is suggested that the number 
selected be а number divisible by 10. The two calculations can then be 
made by applying the following formulas 


40 
т-% (7-2) 

(7-3) 

Raw Gear connected to spindle or driving gear (7 gp) 


Gear on index plate drive shaft or driven gear 


where: Т = The number of complete turns and fraction of a turn of the 
index erank 

Number of divisions actually required on the workpiece 

Number of divisions which are arbitrarily selected and which 

сап be obtained by available index plates 

R = The gear ratio required to obtain the desired number of di- 
visions (N) when the index head is set up to obtain the arbi- 
trarily selected number of divisions (А) 


Ne 
A= 


Formula 7-3A is used when 4 is larger than N. In this case the index 
plate must move in the same direction as the crank. To do this one idler 
gear must be used in the gear train. Formula 7-3B is used when N is 
larger than А, When this occurs the index plate and the crank must turn 
in opposite directions, and two idler gears are required in the gear train. 


Example 7-6 (SeeFig.7-4): 

Calculate the index head movement and the gear ratio required to 
index 271 divisions 

Differential indexing is necessary since the required 271 divisions сал- 
not be obtained by plain indexing. The number of divisions nearest to 271 
that is selected is 280. 
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E] 1x33 

4 7X3 a 
oxs 
Red ху - шю - эп) 29x28 
¢ »2 (280 — "n 9х7 7X8 


72 _ Gear connected to spindle or driving gear 
on index plate drive shaft ог driven gear 


The change gear arrangement for indexing 271 divisions is shown in 
Fig. 7-4. Gear E has 72 teeth and is connected to the index-head spindle. 
Gear C has 56 teeth and is connected to the shaft which causes the index 
plate to rotate. A single idler gear D is used to make the index plate ro- 
tate in the same direction as the index crank since Formula 7-3A was 
used. Idler gears such as shown have no influence on gear ratios except. 
to determine the direction of rotation of the driven gear with respect to 
the driving gear. When the change gears are positioned as shown, the 
index head is indexed three holes in the 21-hole circle 


Example 7-7 (See Fig. 7-5) 
Calculate the index head movement and the gear ratio required to index 
250 divisions. 


ted to spindle or driving gear 
7 Gear on index plate drive shaft or driven gear 


The change gear arrangement for indexing 250 divisions is shown in 
Fig. 7-5. The 40-tooth gear, gear E, is connected to the spindle, and the 
gear C, is connected to the index-plate drive shaft of the 
Since Formula 7-3B was used, two idler gears are required. 
‘These gears are D, and D3. The number of teeth on the idler gears does 
not matter as they in no way affect the gear ratio between the driver and 
the driven gear. They only affect the direction of rotation of the driven 
gear with respect to the driving gear. The crank is indexed three holes in 
the 18-hole circle. 


Example 7-8 (See Fig. 7-6): 
Calculate the index head movement and the gear ratio required to index 
319 divisions. 
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Let 4 = 290 
40 _ 40 _ 4 
Toa mB 


40 4 

R= (N — 4) = @19- 2055 = (35 n 1 
Because a 4 to 1 ratio is unobtainable with available gears, a compound 
gear train, such as that shown in Fig. 7-6, must be used. On the com- 
pound gear train one of the idler gear shafts has two gears, G and F, 


Carte of the Brown & Sharpe Mensfetering Compan 
Fig. 7-6 Index geared to index 319 divisions using a compound gear 


mounted on it which rotate together at the same speed. These gears are 
called compound gears and, unlike other idler gears, they do affect the 
gear ratio. In compound gears a clear identification between driving and 
driven gears must be made. For example, in Fig. 7-6, E is connected to the 
spindle and is a driving gear which drives the smaller of the two com- 
pound gears, gear G. Thus gear G is a driven gear. The larger compound 
gear, gear F, drives the gear on the index drive plate shaft, gear C, 
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through a single idler gear D. Gear F is then а driver gear, and the gear С 
оп the index plate drive shaft is a driven gear. The single idler shaft has 
no effect on the gear ratio, changing only the direction of rotation. When 
the direction of rotation is considered, the compound gears are thought 
of as one idler gear. Thus, since Formula 7-3B was used to calculate the 
gear ratio, two idlers are required—which in this ease are the two com- 
pound gears plus the idler. 

To calculate the actual compound gears to be used, the gear ratio is 
expanded without changing its value. 


x16 


3x16 


1t does not matter which driving gear is placed on the shaft connected 
to the index head spindle and which driving gear is on driving gear posi- 
tion on the compound gear shaft. Likewise either driven gear can be 
placed on the index plate drive shaft or in the driven gear position on the 
compound gear shaft. It is, however, necessary that driving gears be cor- 
rectly placed in driving gear positions and that driven gears be placed in 
driven gear positions. The crank is indexed four holes in the 29-hole 
circle to do this job. 


Indexing Angles 

When a definite angle must be indexed, the calculations involved are 
‘somewhat different. The ratio of the crank and the spindle of the dividing. 
head must be compared to the number of degrees, minutes, or seconds of 
ап angle. It should be recalled that there are 360 degrees in a complete 
revolution or a full circle, there are 60 minutes per degree, and there are 
60 seconds per minute. Furthermore, one revolution of the dividing-head 
crank causes the spindle to rotate 1/40 of a revolution. Expressed in de- 
Brees, this becomes 360° + 40 = 9°. Thus, one turn of the crank will cause. 
the spindle to rotate 9 degrees. Therefore, to calculate the turns of the 
crank required to index an angle expressed in degrees, divide that angle 
by 9, or: 


> 
т=з (тал) 


where: T = Number of complete and fractional parts of a turn of the crank 
D's Angle to be indexed expressed in degrees 


‘This formula can be used by expressing the angle in minutes or seconds. 
The total number of minutes in 9 degrees is 9 x 60~ 540, and the total 
number of seconds in 9 degrees is 9 х 60 x 60 = 32400. Therefore, For- 
mula 7-44 can also be written as follows: 
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(74B) 


(74C) 


where: D' = Angle to be indexed expressed in minutes 
D” = Angle to be indexed expressed in seconds 


When Formulas 7-4B and 7-4С are used, the entire angle must be ex- 
pressed in minutes or seconds as will be demonstrated in the examples to 
follow. 


Example 7- 
А Brown & Sharpe Universal Index Head is to be used to index 35 


degrees. Determine the index head movement required to perform the 
operation, 
D _ 35 8 8x3 
Ше эй: MEE 
2 
TH345 


Thus, the crank must be turned three complete revolutions plus 24 holes 
in the 27-hole circle. 


Example 7-10: 
‘An angle of 14°20 is required to be indexed with a Cincinnati Uni- 
versal Dividing Head. Determine the index head movement required to 
perform this operation 
Formula 7-4B must be used. In this equation the angle must first be 
entirely converted to minutes. This is done by multiplying the degrees 
by 60 and adding the remaining minutes. 


D = 14 X 60 + 20 = 860° 


‘Thus, the crank must be turned one complete revolution plus 32 holes 
in the 54-hole circle. 


Example 7-11 (See Fig. 7-7): 

Four notches having a 90-degree included angle are to be milled 
50°47'20" apart on a detent ring. A Cincinnati Universal Dividing Head 
isto be used, and the “high number" index plates are available. Calculate 
the dividing head setting required to perform this operation. 
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Contes of Cincinnati Mileron 


Fig. 7-7 Setup for milling notches in detent ring. 


Formula 7-4C is used. In order to use this forn entire angle 


must first be converted to seconds, 


la, t 


Converting degrees: 50 X 60 X 60 = 180000 
Converting minutes: 47 X (0 = 2820 
Adding remaining seconds. 2 
Total angle in seconds = 182,840 
т 0" 182,810 |, 521 
810 


The crank must, therefore, be turned five complete revolutions plus 
521/810 fractional part of a revolution. The fractional part of a revolution 
could be obtained by indexing 521 holes in an 810-hole circle. However, 
no 810-hole circle is available. This situation is best resolved by finding 
а new fraction close to the ratio 521/810 which has а denominator equal 
to the number of holes in one of the hole circles available. First, deter- 
mine the decimal equivalent of 521/810 by dividing the numerator by the 
denominator; thus, 521/810 = 643210. By the trial-and-error method find 
a fraction having a decimal equivalent as close as possible to 643210 
and having as its denominator one of the available hole circles. The fol- 
loving fractions were found by this method: 


сһ.7 INDEXING 213 


по 128 
qno 888275 197 643216 
‘The ratio 128/199 is selected because its decimal equivalent more nearly 
approaches the decimal equivalent of 521/810. 
‘Thus: 


128 
7 -5+ 


‘The dividing head is indexed five complete revolutions of the crank plus 
128 holes in the 199-hole circle. The error resulting from this procedure 
сап be calculated by multiplying the index movement by the number of 
seconds per revolution of the crank, or 32,400 seconds. 


129 " 
(s + jg) X 32400 = 182402 
Hence, the error will be 1828402 — 1828400, or 2 second which is very 
small. 


Example 7-12: 

Determine the indexing movement that will result in the nearest angle 
to 50°4720” that can be obtained if only the standard index plate for 
the Cincinnati Universal Dividing Head is available 


1g а decimal equivalent as close as 
possible to 643210 having as its denominator one of the available hole 
Circles. The following fractions were found by this method: 

2 


18 
za T 612857 fp 7 02857 


Hence 


2 
т=з+@ 


‘The dividing head is indexed five complete revolutions of the crank plus 
27 holes in the 42-hole circle. The error resulting from this procedure 
would be: 


(re Eam = oso 


18254000 — 182,828.5; аз" 
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The angular displacement error is then 1143 seconds or ЫЙ" — 1008 
minute less than the required displacement, This cannot be corrected by 
the niches i the idee piate Deere etch notch relates the andi 
through an angle of 117 mites 

Тс setup fr ling the detent in Examples 7-11 and 7-12 is shown in 


Wide-Range Dividing Head 

‘The Cincinnati Wide-Range Dividing Head, shown in Fig. 7-8, pro- 
vides a range of divisions from 2 up to 400.000—which is equivalent to 
ап angle of 324 seconds, It consists of a standard universal dividing head 


Jf Cincinnati Miaeron 


Fig 7-8 The Cincinnati Wide-Range Dividing Head 


with an additional gear ratio and indexing mechanism that is mounted 
on the large crank of the dividing head. The additional gear ratio is ob- 
tained through planetary gears mounted inside a housing that is built 
into the large index crank. A small index plate is mounted into the face 
of the planetary gear housing, and a small crank rotates concentrically 
with the large erank to drive the planetary gears. The entire wide-range 
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sm rotates together with the large crank. The wide-range divid- 
ing head can be used as a standard dividing head to do direct indexing, 
or to do plain indexing simply by using the large crank only. The large 
index plate of the wide-range dividing head has the following hole eircles: 


Side А: 24-28-30-34-37-38-39-41-42-43-100 
Side B: 46-47-49-51-53-54-57-58-59-62-66 


The small index plate has only two hole circles, which are 100 and 54, 
The gear ratio of the planetary gears is 100 to 1. 

The relationship of the gearing ratios with respect to the rotation of 
the spindle is as follows. One complete revolution of the large crank 
causes the spindle to rotate 1/40 revolution. One turn of the small crank 
is equivalent to 1/100 turn of the large crank or 1/100 x 1/40 = 1/4,000 
turn of the spindle, Indexing the small erank 1 hole in the 100-hole circle 
results in 1/100 revolution of the small crank or 1/100 x 1/4000 = 
1/400,000 turn of the large crank. Thus, indexing the small crank one hole 
in the 100-hole eirele will result in 400,000 divisions if repeated. 

Of equal importance in understanding the principle of the wide-range 
dividing head is to understand the relationship of the rotation of the two 
cranks, Indexing the small crank one complete revolution is equivalent 
to indexing the large erank 1/100 revolution as a result of the planetary 
gear ratio, Indexing the small сталі one hole in the 100-hole circle, or 

lent to indexing the large crank 1/100 x 1/100 


Formula 7-1 (T = 40/N) can be used in calculating the setting of the 
wide-range dividing head. When this formula is used for plain indexing, 
the answer ean more conveniently be expressed as a common fraction, 
When intended for use with the wide-range dividing head, the answer 
should be expressed as а decimal fraction. When divisions, not angles, 
аге indexed, the 100-hole circle on the large index plate and the 100-hole 
circle on the small index plate are the only two index plates that are used 
atany time, 


Example 7-13: 
Calculate the settings of the wide-range dividing head required to index 
67 divisions 


‘The decimal fraction 597015 can be rewritten as follows: 
T = 507015 = 59 + бото + 000015 
E] 
sh T ^ 100 + 10000 * 70,000 


‘Thus, the dividing-head crank must be rotated 59/100 + 70/10000 turn. 
if the last term сап be neglected for the moment. In the relationship be- 
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tween the rotation of the two cranks, it was shown that each hole in the 
100-hole circle of the small crank was equivalent to turning the large 
crank 1/10000 revolution. Thus, if the 100-hole circle of the large index 
plate is used, the movement of the wide-range dividing head required to 
index 67 divisions is as follows: 


Large Crank: 59 holes in the 100-hole circle. 
Small Crank: 70 holes in the 100-hole circle. 


The remainder of .15/10000, which was previously neglected, is the 
indexing error. This error would amount to approximately %4 second too 
Tittle in 360 degrees. Even this amount of error can be further reduced 
by indexing the small crank 71 holes instead of 70 holes every sixth index. 
This is based upon the fact that in six indexes the amount of the error is 
6 x .15/10,000 = 90/10,000. This is approximately 1/10,000, or one hole 
in the 100-hole circle of the small index plate. 


Example 7-14: 
Calculate the settings of the wide-range dividing head required to index 
149 divisions 


40 


4o 

LEE EET 
ы 

T= To 1000 * 


‘The movement of the wide-range dividing head required to index 149 
divisions is: 


Large Crank: 26 holes in the 100-hole circle. 
Small Crank: 84 holes in the 100-hole circle. 


‘The error is .56/10,000, which can be reduced by indexing the small erank 
85 holes instead of 84 holes every second index: 


"P 
@ X 70,000 ~ mm) 

It is evident from the last two examples that the summation of the 
common fractions does not actually need to be rewritten, This was done 
in the examples in order to explain the principle involved, The setting of 
the wide-range dividing head can be determined by simply following the 
steps listed below: 


1, Divide the number of divisions required into 40. The answer 
should be taken to six decimal places. 

2. The first two numbers will be the number of holes to be indexed 
оп the 100-hole circle of the large index plate. 

3. The second two numbers will be the number of holes to be indexed 
on the 100-hole circle of the small index plate. 
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4. The last two numbers constitute the error. The error may be neg- 
lected, or it may be reduced by indexing one additional hole in 
the small index plate for each time that the total error approaches 
1/10,000. An exception to this method of reducing the error is 
shown in Example 7-16 further on. 


Example 7-18: 
Calculate the settings of the wide-range dividing head required to index 

103 divisions. 
pa. 0 


FEE EL 


The dividing head movements аге: 


Large Crank: 38 holes in 100-hole circle. 
‘Small Crank: 83 holes in 100-hole circle. 


‘The error in this case is 50/1000, which would be 1/10,000 when multi- 
plied by 2. Thus, the small crank should be indexed 84 holes instead of 
83 holes every second index if the error is to be reduced. 


Example 7-16: 


Caleulate the settings of the wide-range dividing head required to index 
209 divisions, 


Note that in this ease the error is approaching 1/10,000 for each index. 
In this situation the error will be significantly reduced by writing the 
answer in the following way: 

T = 1914 — 000012 
‘The dividing head movements would then be: 


Large Crank: 19 holes in 100-hole circle. 
Small Crank: 14 holes in 100-hole circle. 


‘The error is reduced in this case by indexing the small crank 13 holes 
instead of 14 holes every eighth index movement: 


19% 1 
@ X тороо ^ тод, 
Indexing Angles оп the Cincinnati Wide-Range Dividing Head 
One advantage of the Cincinnati Wide-Range Dividing Head is the 
wide range of angles that can be indexed. When angles are indexed on this. 


dividing head, the 54-hole circle of the large index plate and the 54-hole 
circle of the small index plate are always used. 
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It will be recalled that one complete revolution of the large crank causes 
the dividing-head spindle and the workpiece to rotate through an angle 
360/40 = 9 degrees or 9 x 60 = 540 minutes. Indexing the large crank one 
hole in the 54-hole circle, which makes it turn 1/54 of a revolution, causes 
thedividing-head spindle to rotate 1/54 x 540 — 10 minutes. One complete 
revolution of the small crank causes the large crank to make 1/100 of a 
revolution, thereby turning the dividing-head spindle 1/100 x 540 = 54 
minutes. This is equal to 5.4 x 60 = 324 seconds, Indexing the small crank 
‘one hole in the 54-hole circle of the small index plate will cause it to make 
1/54 of a revolution. Thus, if one revolution of the small crank indexes the 
dividing head spindle 324 seconds, 1/54 of a revolution of the small erank 
will index the spindle 1/54 x 324 = 6 seconds. Since this is the smallest 
movement normally made when angles are indexed on the wide-range 
dividing head, it establishes the limit of accuracy for this method. The 
limit of accuracy is actually one-half this amount, or 3 seconds. If the 
error is larger than 3 seconds, the small crank can be indexed an addi- 
tional hole to reduce the error. This will be illustrated in a later example. 
It should be pointed out that an error of 3 seconds is far beyond the 
requirements of most practical jobs. 

The following tabulation summarizes the results of the index move- 
ments used when angles are indexed. 


Complete. Hole Spindle 
Crank Turns. Holes Circle ovement 
Large 1 9 or 540" 
Large 0 1 ы w 
Small 1 р 324" 
Small 0 1 EI [2 


‘The movement of the large crank is calculated by using Formula 7-4B. 
‘The movement of the small crank is calculated from the fact that one 
turn of this crank rotates the spindle 324 seconds. 


Let: {= The number of complete turns and fraction of a turn of the 
small erank of the wide-range dividing head 
D" = The angle to be indexed by the small crank in seconds 


‘A more useful form of this equation is obtained if both the numerator 
and the denominator are multiplied by 3. 


"m 
хэн 
‚> a-s) 
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Formula 7-5 is applicable only for calculating the indexing movement 
of the small crank of the Cincinnati Wide-Range Dividing Head. 

The procedure for calculating the required indexing movements for 
indexing angles on the Cincinnati Wide-Range Dividing Head can best 
be shown by the following examples. 


Example 7-17: 
Calculate the index movements of the Cincinnati Wide-Range Dividing 
Head that are required to index an angle of 5074720". 


1. Consider at first only that part of the angle to be indexed which 
is expressed in degrees and minutes, and convert this part of the 
angle entirely into minutes. 

D' = (80 X 60) + 47 = 3017 

2, Use Formula 7-4B to caleulate the index movement of the large 
crank of the dividing head which would be required to index that 
part of the total angle expressed in degrees and minutes, Deter- 
"hine also the exact amount of this angle that cannot be indexed 
by the large crank. 


= ZT, gt 

507 50 7 50 
‘The number 5(347/540) сап be written in the following form with- 
out changing its value: 


T-5 


T 


зю т 
* 510 * 50 

The value of the fractional parts of the term are not changed if 
both the numerator and the denominator are divided by 10, in 
which ease the term appears as follows: 


мл 
тен 


The large crank must now be indexed five complete revolutions 
plus 34 holes in the 54-hole circle. 

‘The remainder of 7/54 means that the large crank should be 
indexed an additional 7 part of the distance between two holes 
on the 54-hole circle. This, of course, cannot be done. The angle 
equivalent to this distance must be indexed by the small crank. 
If indexing the large crank опе hole in the 54-hole circle causes 
the dividing-head spindle to rotate 10 minutes, indexing this crank 
seven-tenths (7) of the distance between the holes of the large 
index plate causes the spindle to rotate 7 х 10— 7 minutes. 
Thus, the numerical value of the numerator of the remainder 
is always the number of minutes of the angle that cannot be in- 
Чехей by the large crank. 
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3. Determine the amount of the angle remaining to be indexed by 
the small erank, and express this amount in seconds. 
There are 7 minutes remaining from Step 2 and 20 seconds 
which were not considered in Step 1. 
р" = (1 X 60) + 20 = 440" 


4. Calculate the index movement of the small crank using Formula 


TA 
о ÑD” хаю _13% _үюң 
E] E] 
This may be written as follows: 
19% 
fe 
14048 


The index movement of the small crank is determined by the first. 
two terms. Thus, index the small crank one complete turn plus 19 
holes in the 54-hole circle. 

‘To index the entire angle of 504720" the small crank should 
һе indexed an additional % of the distance between the holes 
of the small index plate. This cannot be done and constitutes 
the indexing error. If the dividing-head spindle is indexed 6 sec- 
onds when the small crank is indexed one hole in the 54-hole circle, 
then а movement of the erank of % x 6 — 2 seconds. This is then 
the amount of the error. 

А summary of the index movements required to index 504720" 


is given here: 
Large Crank: Complete turns = 5 
Holes м 
Hote circle. 54 
Small Crank: Complete turns = 1 
Holes 19 

Holecircle = 


Index Error: 2 seconds 
Beample 7-18: 
Семе the index movements required to index an angle of 871011". 
1. Convert 8715 into minutes. 
D' = (8 X 60) + 15 = 495° 
2. Caleulate the index movement of the large crank 
495 _ 400 
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‘Thus, the large crank is indexed 49 holes in the 54-hole circle. 
The remainder is 5 minutes. 


3. Convert the remaining angle to be indexed into seconds, 
D" = (5 X60) + 11 = 3n" 


4. Calculate the index movement of the small erank. 


KD" xau 51% 
ы E] 


If the small erank is indexed 51 holes in the 54-hole circle, the 
error would then be 5 seconds (% x 6 = 5). Indexing one addi- 
tional hole would, in this ease, reduce the error to 1 second. The 
angle, in this ease, would be 1 second too large. This can be 
shown by writing the answer to Formula 7-5 in the following 
manner: 
Ке 24ے‎ 

ata a S4 
Thus, the small crank should be indexed 52 holes in the 54-hole 
cirele, 


Summary: 


Large Crank: Complete turns = 0 
Holes -49 
Hole circle — —54 
Small Crank: Complete turns = 0 


Holes -52 
Hole circle = 54 
Error: 1 second 


Any angle expressed in terms of only degrees and minutes can be in- 
dexed on the Cincinnati Wide-Range Dividing Head without error. Such 
angles occur much more frequently in shop practice than those which also 
include seconds. The following example will illustrate this point. 


Example 7-19: 
Calculate the index movement of the Cincinnati Wide-Range Dividing 
Head required to index an angle of 44°28" 


1. Convert 44°28" into minutes. 


D'- (44 X 60) + 28 = 2068" 
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Calculate the index movement of the large crank. 


Index the large crank four complete turns plus 50 holes in the 54- 
hole circle. The remainder to be indexed by the small crank is 
equal to 8 minutes. 
Convert the remaining angle to be indexed into seconds. 

D" = 8X = 480" 


Calculate the index movement of the small crank. 


26 
-1+5 


Index the small crank one complete turn plus 26 holes in the 54- 
hole circle. There is no error. 


Summary: 


Large Crank: Complete turns = 4 
Holes -50 
Holecircle — —54 
Small Crank: Complete turns = 1 
Holes -% 
Hole circle =54 


CHAPTER 8 


Dividing Head Work 


The objective of this chapter is to show by example some basic 
operations that can be performed on a milling machine using a dividing 
head. Great stress will not be placed on the dividing head calculations. 
which were treated in depth in the previous chapter. 

Workpieces сап be beld on the dividing bead by 3-jaw universal 
chucks, 4-jaw independent chucks, collet chucks, faceplates, or mounted 
оп two centers, one hell in the dividing-bead spindle and the other fixed 
to the tailstock. Sometimes a special work-holding fixture must be made 
amp parts that cannot be held by conventional methods. The entire 
procedure for doing the job should be thought through in advance, and a 
method of overcoming any anticipated difficulty should be determined. 
Then the job can proceed with a minimum risk of an error being com- 
mitted that could spoil the workpiece. 


Cutting Spur Gear Teeth 

Although most modern spur gears are cut on specialized gear-cutting 
machine tools, some gears are still eut on the milling machine. No special 
equipment other than an involute gear tooth cutter is required. These 
gear tooth milling cutters are standard form relieved cutters that сап be 
obtained as stocked items. The milling machine is, therefore, quite adapt- 
able for making spur gears in small quantities. A typical setup for milling 
‘spur gear is shown in Fig. 8-1. The gear blank is pressed onto a standard 
mandrel held between the tailstork and the dividing-head center. The 
driving dog is clamped to the mandrel. The dog is driven by a driver 
which rotates with the spindle of the dividing head. The form relieved 
gear-cutting cutter is mounted on the milling-machine arbor. The gear 
blank must be located so that the cutter is centered with the gear blank 
in the transverse direction. 

Certain dimensions of а spur gear are important when spur gears are 
milled. These dimensions, shown in Fig. 8-2, are defined here: 

Outside Diameter. The outside diameter, O, is the diameter over the 
top of two opposing gear teeth if the number of teeth on the gear is an 
even number. If the number of teeth is an odd number, the outside di- 
ameter cannot be measured directly on the finished gear. It is usually 
measured on the gear blank before the gear teeth are cut. Compensation 
must be made for deviations from the theoretical outside diameter when 
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the milling cutter is set to cut the required tooth depth and when the 
tooth size is measured with gear tooth verniers. 

Pitch Diameter. In Fig. 8-2 the pitch diameter is the dimension D, or 
the theoretical mean diameter of the gear. The pitch diameters of two 
mating gears would contaet each other at a point called the pitch point. 
Assuming for a moment that the pitch diameters of the two mating gears 


are the diameters of two dises or rolls, and that these rolls rotate together 


without slipping, the speed ratio of the two rolls would be equal to the 
speed ratio of the two gears. 
Standard Pitch Circle. The pitch circle is the circumference of the pitch. 


diameter. The thickness of the gear tooth space and the thickness of the 
gear tooth are equal on the pitch circle. The thickness of the gear tooth 
is therefore measured on the pitch circle 

Diametral Pitch. The diametral pitch of a gear is an expression of the 
size of the gear teeth. The term pitch of а gear is sometimes used to 
mean the diametral pitch of the gear. The formula for the diametral 
piteh is given below 
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where: P = Diametral pitch 


D 


‘Small-sized gear teeth have a large diametral pitch, and large-sized gear 
teeth will have а small diametral pitch. 


cur 


PITCH саси 


Fig. 8-2 Diagram showing important dimensions related to spur gear cutting. 


Circular Pitch. The length of the arc along the pitch circle from the 
center of one gear tooth to the center of the next tooth is called the 
circular pitch. It is sometimes used to designate the size of teeth of very 


Angle. The pressure angle is the angle at which the forces 
acting on the gear teeth react. It is measured from a line that is perpen- 
dicular to the centerline of the two meshing gear teeth. The pressure angle 


226 DIVIDING HEAD WORK Ch.8 


is determined by the profile of the gear teeth. Changes in the designed 
pressure angle of a gear tooth must accompany а change on the profile. 
Since gear teeth having different pressure angles will not work together, 
the pressure angle is an important gear tooth dimension. The American 
Standard Spur Gear Tooth Systems are: 


American Standard 14%-Degree Involute Full-Depth Tooth 
American Standard 20-Degrce Involute Full-Depth Tooth 
American Standard 20-Degree Involute Fine-Pitch Tooth 
American Standard 1415- Degree Composite Tooth 

American Standard 20-Degree Involute Stub-Tooth 
Fellows Stub Tooth (20-Degree Pressure Angle) 


‘The profile of the sides of the gear teeth is a special curve, which is 
called an involute. However, the pressure angle given for each system de- 
pends upon the orientation of the involute curve. 

Whole Depth. The whole depth, W in Fig. 8-2, designates the whole of 
the gear tooth space. It is the depth to which the gear cutter must be 
positioned. This dimension is usually marked on the side of the gear tooth 
cutter 

The opening of the space between the gear teeth depends not only upon 
the diametral piteh of the gear bat also upon the number of teeth on the. 
gear. Theoretically a different milling cutter should be used for each gear 
having a different number of teeth. Because this would mean stocking a 
very large number of gear cutters, a practical compromise has been found 
by having eight different cutters for each diametral pitch. Each cutter 
will eut a number of teeth as listed below: 


No. 5: 210025 
No. 6: 171020 
No.7: 145016 
No.8: 2013 


If greater accuracy of tooth shape is required in order to insure smoother 
and quieter operation of the gears, a series of cutters having half num- 


bers is used. The half-numbered cutters made by the Brown & Sharpe 
‘Manufacturing Company are for the number of teeth listed here: 

No. 1%: 80to 134 No. 5%: 191020 

No.24: 52 to 54 No. 6%: 15 to 16 

No.3%: 301034 No. T4: 13 


No.4%: 23025 


In preparation for setting up the gear blank it should first be mounted 
between the dividing-head centers without attaching the driving dog. A 
dial test indicator is placed against the periphery of the gear blank, and 
the gear blank is rotated to check for any eccentricity. If the peripheral 
surface of the gear blank is eccentric, a light cut should be taken on this 
surface on a lathe or cylindrical grinder in order to eliminate eccentricity. 
‘When it has been assured that the gear blank is concentric with its centers, 
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or with the centers of the mandrel on which it is mounted, the driving dog 
is attached and the gear blank is remounted on the dividing-head centers, 
The dog is secured to the driver. The milling cutter is mounted on the 
arbor, and the machine is set up for the correct feed and speed. 

The gear blank must now be located centrally with respect to the mill- 
ing cutter. This procedure, illustrated in Fig. 8-3, will assure a very high 
degree of accuracy if it is followed with skill and care. Precise transverse 
table movements are required, with the micrometer feed serew dial used 
to position the table. In order to eliminate the error that can be caused by 
the clearance or lost motion between the feed screw and the feed screw 
nut, it is very important that all of the table settings be made by moving 
the table in one direction only. For locating the gear blank the transverse 
table settings can be made by moving the table toward or away from the 
column of the machine. However, once a direction has been selected, only 
that direction should be used to make the settings. 

The procedure for locating the gear blank centrally with respect to the 
cutter is given below by referring to Fig. 8-3. In this case, all of the precise 
table settings will be made by moving the table away from the column of 
the milling machine, although, as just explained, the same results сап 
be achieved by moving the table in the opposite direction. In Fig, 8-3, the 
column of the milling machine is at the left, and the operator would 
normally be standing at the right of the table. 


А. Establish a zero reference position. Feed the table manually, using 
the transverse feed, in a direction toward the operator or away from 
the column of the machine until the position of the gear blank rela- 
tive to the cutter is approximately as shown in view A. The final 
movement before coming to a stop must be toward the operator. 
When the table has stopped, set the micrometer dial of the trans- 
verse feed screw to zero. 

В. Establish the first transverse “touch up” position. Feed the table 
manually toward the operator until the gear blank is located so that 
the milling cutter will touch the side shown in view B when the table 
is raised. The exact distance that the table has been moved from the 
zero reference position to this position must be determined by count- 
ing the number of turns of the feed screw and by reading the mi- 
crometer feed screw dial. Assume in this instance that this distance 
13.250 inches. 

C. Establish the vertical reference position, First obtain a strip of 
good quality notebook paper approximately 1 inch wide by 8 or 10 
inches long, Start the milling-machine spindle and place the paper 
feeler between the rotating cutter and the gear blank as shown in 
view C. The paper should be held on the side of the cutter where it 
will tend to pull the paper out of the hand. Be careful to keep the 
hand holding the paper from touching the cutter. Then carefully 
raise the table until the teeth of the cutter just graze the paper feeler 
without cutting through or tearing it. When the paper is held in the 
fingertips, this ean readily be felt. 
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D 


Fig. 8-3 Procedure for locating gear blank centrally with respect to formed tooth 

gear cutter. 

A. Establish а zero reference postion. 

В. Establish the fest transverse “touch up" position. 

C. Establish the vertical reference postion. 

D. Retura the table to the zero reference position. 

F. Establish the second transverse touch up” position: 

F. Center the gear blank and the cutter. 

G. Raise the table so that the cutter will cut the gear blank to size. 

Н. Cut the gear teeth. 
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D. Return the table to the zero reference position. Move the table a 
short distance with the longitudinal feed so that the gear blank will 
clear the cutter as it moves past to return to the zero reference posi- 
tion. Count the number of turns of the transverse feed serew and 
move the table slightly past the zero reference position. The table is 
then moved toward the operator until the micrometer dial reads zero 
to bring it to the zero reference position. 

E. Establish the second transverse "touch up" position. Place the paper 
feeler between the rotating cutter and the gear blank again. The 
table is then manually fed toward the operator and the number of 
turns of the transverse feed serew counted. Continue to feed the 
table until the cutter just grazes the paper feeler. Then read the 
micrometer dial to determine the exact distance from the zero 
reference position to this position, Assume that this distance is 
1,988 inches. 

F. Center the gear blank and the cutter. First lower the table enough 
so that the gear blank ean be positioned below the cutter as shown 
in view F, Next calculate the distance from the second transverse 
"touch up” position to the centered position. This distance is equal 
to one-half of the difference of the between the zero- 
reference position and the two "touch up" positions. In this case this 
distance is equal to: 


8.250 — 1.988 зу inch 

2 
Using the micrometer dial, feed the table manually 631 inch toward 
the operator. The gear blank will now be located centrally with 
respect to the cutter as shown in view F. 


‘The following twosteps, shown in views G and H in Fig, 8-3, complete the 
setup for cutting the gear blank. 


б. Raise the table to position the gear blank so that the cutter will cut 
the gear blank to size. The gear in Fig. 8-3 is a 30-tooth 8-diametral 
pitch American Standard 1414 Degree Full Depth Tooth Gear for 
which the whole depth of tooth is 2696 inch and the outside diam- 
eter is 4.000 inches Since the tolerance specifications of the outside 
diameter of gear blanks permit them to be turned slightly undersize, 
the actual outside diameter must always be accurately measured 
with micrometer calipers before the depth of cut is set. The variation 
between the actual and the theoretical outside diameter must be 
considered in setting the machine to take the required depth of cut. 
A paper feeler gage is used, and the thickness of the paper must also 
һе accounted for. Assume in this instance that the actual outside 
diameter of the gear blank is 3.997 inches and that the thickness of 
the paper fecler is .0035 inch. When the paper feeler is used to 
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"touch up," as shown in view G, the vertical distance that the table 

is raised to allow the cutter to cut to size is then: 
puru m 

The depth of cut is set by starting the spindle and carefully raising 

the table until the cutter grazes the paper feeler. Move the table 

longitudinally until the gear blank is clear of the cutter. Then raise 

the table .2716 inch, using the micrometer dial. 

н. Cut the gear teeth. Engage the feed and cut the gear teeth as shown 
in view Н. Index the dividing head one complete turn plus 11 holes 
in the 33-hole circle to cut all of the teeth. Most gear teeth are cut 
to depth in one cut; however, gears with teeth that are 6 or 7 diam- 
etral pitch and coarser are frequently milled in two cuts. 


The size of a gear tooth can be measured by a special gear tooth vernier 
caliper shown in Fig. 8-4. The instrument measures the chordal thickness 
of the tooth which is called the chordal addendum. Tables appearing in 
Mackinery's Handbook provide the necessary data from which these 
dimensions can readily be calculated. The procedure is to cut one side 
of а gear tooth far enough to form a complete tooth surface for a short 
distance. The gear blank is indexed, and the adjacent tooth space is cut in 


Fig 8. Gear tooth vernier calipers for measuring the thickness of gear teeth 
at the pitch circle 
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Fig. 8-5 Checking gear эйе by measuring over wires or pins. 


the same manner. The thickness of the resulting gear tooth is then meas- 
ured with the gear tooth vernier. Any necessary correction in the machine 
setting is made, and the procedure is repeated until the gear tooth size is 
correct 

‘One method of checking the finished gear is to measure over rolls oF 
pins as shown in Fig. 8-5. This easily applied method is especially useful 
in shops with only a limited amount of inspection equipment. Two cylin- 
drical rolls or wires with a predetermined diameter are placed in dia- 
metrically opposed tooth spaces. If the gear has an odd number of teeth, 
the rolls or wires are located as nearly opposite as possible, as shown by 
the diagram at the right in Fig. 8-5. The measurement, M, over the pins 
ismade by any sufficiently accurate method of measurement. The required 
measurement is calculated from tables provided in Mackinery's Handbook. 


Milling a Large Spur Gear 

Large spur gears can sometimes be milled by placing elevating or 
ing blocks between the table and the dividing head. Another method is to 
mill the gear on a circular table that is equipped with an index plate as 
shown in Fig. 8-6, The gear blank is placed on four parallel bars in order 
to raise it above the surface of the table and thereby provide clearance 
for the cutter. It is clamped to the circular table by bolts anchored in the 
‘T-slots of the table. The automatic vertical feed is used to take the cut. 

The gear ratio of the circular milling attachment is 80 to 1; іе, 80 
turns of the index crank are required to make one revolution of the cir- 
cular table. It is therefore necessary to modify Formula 7-1 in order to 
calculate the indexing movement. The number of teeth being cut on the 
gear shown is 96. The indexing movement required to cut this number of. 
teeth is calculated in the following manner: 

80 5 25 


T= 6" 6" 30 


‘Thus the crank is turned 25 holes in the 30-hole circle for each index. 
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Cutting а Worm Gear. 

Worm gears may be cut on a universal milling machine. Two separate 
operations are required to do this job. The first operation is to cut gashes 
having the approximate shape of the worm gear teeth around the gear, and 
the second operation is to finish the gear teeth to size with a hobbing 
cutter. These operations are shown in Figs. 8-7 and 8-8 respectively. 


"Wu 


=, 
TT 


Fig 8-6. Milling а large spur gear using a circular table equipped with an index plate. 
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The objective of the gashing operation is to provide teeth on the gear 
blank which can engage with the thread of the hob in order to drive the 
gear. The cutter used to gash the worm gear blank should preferably be an 
involute gear cutter of approximately the same size as the teeth of the 
worm gear. The cutter should be centered in both the crosswise and the 
lengthwise directions with respect to the gear blank. The table of the 


= 
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Fig 8. Gashing the teeth of a worm gear in a milling machine. 


universal milling machine must be set at the lead angle or helix angle of 
the worm thread (the tangent of the lead angle of the worm is found by 
dividing the lead of the worm thread by the circumference of the pitch 
circle). 

Often the diameter of the milling cutter used to gash the worm gear 
blank is larger than the diameter of the hob to be used later. In this 
event the whole depth of the gear tooth should be marked on the side of 
the gear blank with a scribed line. The depth of the gashes must be less 
than the depth of the worm gear teeth. The gashes are cut by raising the 
table with the vertical feed until the cutter has reached the required depth 
for gashing as estimated by the layout line. The reading of the micrometer 
dial for the vertical feed is noted. The remaining gashes are then cut by 
indexing the dividing head and feeding the gear blank vertically into the 
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cutter until the micrometer dial of the vertical feed has reached the same 
position noted in eutting the first tooth. 

After the gashing operation is finished, the table of the universal mill- 
ing machine is returned to position perpendicular to the spindle without 
disturbing the longitudinal position of the table. The driving dog is re- 
moved from the work-holding mandrel to permit the work to have un- 
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Fig. 8.8 Hobbing the teeth of a worm gear. 


restrained rotation about the dividing-head centers. The gashing cutter is 
removed from the arbor and replaced by а hob, which has cutting teeth 
with the same shape as the worm thread. Flutes are cut in the lengthwise 
direction of the hob to form the faces of the cutting teeth and to provide 
space for the chips. The sides of the hob teeth are formed by a helical 
groove corresponding to the thread groove of the worm which is to work 
with the worm gear. The hob is the same diameter as the worm (except 
for a slight increase to provide a clearance for the top of the worm thread), 
and the lead of the hob thread groove is equal to the lead of the worm 
thread. 

The worm gear is cut by raising the table until the gashes in the gear 
blank engage the thread on the hob. The machine spindle is then started 
so that the thread on the hob drives the worm gear and causes it to rotate. 
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As thisoccurs, the table fs gradually raised, causing the worm gear to feed 
into the hob with the result that the hob cuts the teeth of the worm gear. 
Since the hob is а duplicate of the worm, except for those provisions пес- 
essary to convert it into a cutting tool, it is evident that the worm gear 
produced in this manner will also mesh with the worm, 

It is advisable to cut the worm thread before hobbing the worm gear. 
‘The worm shaft can be used to an advantage for testing the center distance 
between the worm and the worm gear. In preparation for making this 
measurement the table must be lowered sufficiently to make room for the 
‘worm shaft beneath the hob. The lengthwise or longitudinal position of 
the table should not be disturbed. The worm shaft is placed on the top of 
the worm gear with their teeth engaged as if they were in operation. Turn- 
ing the worm shaft slightly by hand will cause it to rotate around the 
worm gear. With the aid of a dial test indicator attached to a vernier 
height gage to indicate over each side of the cylindrical ends, the worm 
shaft is rotated until it is in a horizontal position on the worm gear. The 
vernier height gage and indicator are then used to measure the distance 
between the top of the mandrel on which the worm gear is mounted and 
the top of the worm shaft. The center distance is this measured distance 
plus one-half of the diameter of the mandrel and minus one-half of the 
worm shaft diameter, The calculated center distance is then compared to 
the specified distance and, if necessary, another cut is taken on the worm 
gear with the hob until the correct size is obtained. 


Milling Hexagons 

Nuts and the heads of bolts and сар screws are frequently machined 
to the shape of a hexagon. Figure 8-9 shows a hexagon being milled on a 
special nut which is held in a three-jaw universal chuck mounted on the 
dividing head. А round shim with its faces ground parallel is placed below 
the nut in order to seat it in the chuck so that the chuck jaws will clear 
the cutters. The dividing head is positioned with its spindle vertical. Either 
direet or plain indexing can be used to index the dividing head. 

The cut can be taken with either one or two side milling cutters. If one 
cutter is used, six cuts will be required to cut the hexagon, If two side mill- 
ing cutters are used, as shown in Fig. 8-9, to straddle mill the sides, only 
three cuts are required—since (wo sides are milled per cut. When a single- 
side milling cutter is used, the dimension across the flat of the hexagon is 
obtained by taking a trial cut along one side of the workpiece. The divid- 
ing head is indexed 180 degrees, a second trial eut is taken, and the distance 
across the flats is measured. The table is moved to bring the workpiece 
into the cutter an amount equal to one-half the distance between the meas- 
ured size and the required siae. 

‘When straddle milling, the distance across the flats is determined by the 
spacing between the two side milling cutters. Appropriate collars should 
be placed between the two cutters so that they will cut the desired width. 
‘The straddle milling cutters, however, must be positioned so that the axis 
of the dividing-head spindle is centered with respect to the cutters. The 
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сөн of Cincinnati Miler 
Fig 8-9 Straddle milling hexagon fats on nut. 


procedure is illustrated in Fig. 8-10. A trial cut is taken, and the distance 
M between the flat produced by the trial eut and the opposite cylindrical 
side of the work is measured. The table is thi 
center the work with respect to the straddle mi 
Sis caleulated as follows: 


s-D-o-asw + [zn 


ig cutters. The distance 


where: 5 = Distance moved by transverse feed to centralize straddle 

milling cutters 

D = Original diameter of round blank 

М = Measurement between flat produced by trial cut and oppo- 
site cylindrical surface 

W. = Width of cutter used to take trial cut 

W, = Width of flat on nut, or distance between straddle milling 
cutters 


ig Flutes in Taps 


Flutes can be eut in taps on a milling machine, as shown in Fig, 8-11 
The flutes are formed with a form milling cutter that is fed into the tap 
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Fig 8-10. Procedure for centering straddle milling cutters 


їп an offset position. Although several different flute profiles are used on 
taps, the most common profile is a round profile, such аз is illustrated 
being cut in Fig. 8-11. Since there are four futes, the indexing operation 
can be performed by either direct or by plain indexing, 

The tap blank can be positioned with respect to the cutter by trial and 
error methods; however, this can lead to somewhat uncertain results. It is 
better to caleulate a predetermined position of the tap blank with respect 
to the cutter and to set the tap blank accurately in this position. This рго- 
cedure can be seen in Fig. 8-12. 

A straight edge or rule is held against that side of the cutter farthest 
away from the tap blank. The cutter, of course, should not be rotating, 
The table is moved in a transverse direction until the straight edge touches. 
the side of the tap blank. A paper fecler may be used to obtain an 
accurate touch up. After the paper feeler has been removed, the table 
should be moved a distance equal to the thickness of the paper feeler. 
The transverse feed screw micrometer dial is set to read zero to establish 
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Corton f Cincinnati Micron 
Fig. 8-11 Milling tutes in а tap using а form milling etter. 


the transverse reference position. The tap blank is then centered with 
respect to the cutter by moving it a distance equal to the difference ob- 
tained when one-half of the width of the cutter is subtracted from one- 
half of the diameter of the tap blank. Next, the spindle is started and a 
long paper feeler held between the cutter and the tap blank as the table 
is carefully raised until the cutter just grazes the paper feeler. The table 
is then returned to the transverse reference position. 

Before the table is offset, a corrective adjustment should be made їп 
the vertical direction to compensate for the following: 1. the thickness of 
the paper fecler used to touch up the cutter; 2. the difference in di- 
ameter between the actual size of the tap blank and the finish size of the 


в 


Ре. 8-12. Schematic view of method for positioning cutter for Buting taps 
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tap blank. This is equal to the sum of the thickness of the paper feeler 
and one-half the difference between the tap blank diameter and the finish 
diameter of the tap. For example, if the thickness of the paper feeler 
is 008 inch, the diameter of the tap blank is 1.020 inches, and the finish 
outside diameter of the tap is to be 1.010 inches, the amount that the table 
must be moved upward is equal to 


1,020 — 1.010 _ 


ооз + ° «008 inch 


The table is now in a position from which the predetermined offset move- 
ments сап be made. It is moved a distance X, see Fig. 8-12, in the trans- 
verse direction, and it is raised a distance Y. Care must be taken to com- 
pensate for the lost motion in the transverse feed serew. The tap blank is 
now in the correct position to cut the flutes. 

‘The distances X and Y in Fig. 8-12 can be calculated by the following 
formula: 


X= Ba — sing) + rit ~ cono = a)l (m 


Y = Ра - exo + rll - si (ê - a)l вз) 
whore: D = Actual outside diameter on the tap (not the tap blank dia- 
meter 
т = Radius of form milling cutter or radius of flute on tap. 
¢ Z One-half of angle between futes; 


ona four-uted tap, ¢ = р = 45° 


a = Rake angle or tangential hook angle on tap, which is usually 
specified on drawing 


If, for example, а tap is to be made for a 1-8-UNC-2B thread having four 
round profile flutes, assume that the radius of the flute is 14 inch and that 
the tangential hook angle is to be 5 degrees. The outside diameter of the 
finished tap is to be 1.010 inches. The machine settings X and Y are 
caleulated as follows: 


x= Ва sino) trli- exo — al 


22 Q1 — аз) + 25011 — cos (48° — 


= .505 (1 — 70711) + 250 (1 — .76604) 
20610 inch 
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D 
g0 - eee +11 = sin (@ = a)l 
1010, 


EF C- cos4$) + 25011 — sin (45° — 59) 
505 (1 — .70711) + 25001 — 64279) 
Y = 23721 inch 


Milling Flutes in Reamers 

‘The setup for milling flutes in reamers is similar to the setup for milling 
the flutes in the tap as shown in Fig, 8-11. Since the shape of the reamer 
flute differs from the shape of the tap flute, the formulas developed for 
positioning the work for milling circular tap flutes cannot be applied to 
reamers, Reamer flutes are generally cut using a double-angle form milling 
cutter with a radius in the corner, as seen in Fig, 8-13. Single-angle cutters 
are not recommended because their side teeth will leave feed marks on the 
face of the reamer teeth. Except when cutting a chip, the side teeth of the 
double-angle cutters will clear the work and therefore not scratch the 
face of the reamer teeth. 

Tn general, the face of the reamer teeth for reaming steel or cast iron 
is made radial with respect to the axis of the cutter. Sometimes, however, 
a smal rake angle is desirable, in which case the face of the cutter 
is not radial. One of the problems in setting up for cutting reamer teeth 
with a double-angle milling cutter is to position the workpiece relative 
to the cutter so that the Яше will be correctly located on the reamer body. 
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Sometimes a trial and error procedure is used, and at other times an at- 
tempt is made to align the edges of the cutter with the layout lines on the 
workpiece. Trial and error procedures in this case produce uncertain 
results, and layout lines are difficult to see on small reamers. A better 
method is to place the largest diameter of the cutter over the highest 
point on the reamer blank when it is held between centers and then to 
move the milling-machine table a predetermined amount vertically and 
in the transverse direction. This procedure assures that the work will be 
in the correct relation to the cutter for milling the flutes. 

The first step in aligning the reamer blank to the cutter when using the 
method involving exact table settings is to position the largest diameter 
of the cutter over the center of the workpiece. There are two ways of doing 
this. One method is to lay out a reference line on the side of the reamer 
blank and to rotate the reamer blank until this line is on the top of the 
blank, This ean be done by carefully aligning the seriber point of a surface 
gage with the dividing head centers before the reamer blank is placed in 
the machine, With the reamer blank mounted on the dividing head centers. 
and some blue layout paint painted on the side of the reamer, a line is 
seribed by the surface gage. The index head is indexed %4 revolution or 90 
degrees to bring this line to the top surface of the reamer blank. The largest 
diameter of the cutter is then positioned over the scribed line as judged 
visually. 

A second method makes use of a small dial test indicator which is 
clamped to the reamer blank as shown in Fig. 8-14. With the reamer blank 
mounted оп the dividing head centers and the indicator attached, the table 
is moved until the contact point of the indicator touches the bottom of 
one of the milling-machine arbor collars and a reading is obtained on the 


Fig. 8-14. Centering the largest diameter of reamer fluting cutter with respect to 
the axis of the dividing head. 
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indicator. The reamer blank and the indicator are then rocked back and 
forth slightly by turning the index crank of the dividing head. When the 
largest reading on the indicator is obtained, the dividing-head spindle 
is locked in position. The contact point of the indicator is now on a vertical 
plane passing through the axis of the cutter. Next, the table is moved so 
that the contact point of the indicator touches the cutter near its largest 
diameter. Using the transverse table movement until the largest indieator 
reading is obtained will place the largest diameter of the cutter on the 
center of the reamer blank. When this method is used, the indicator should 
be positioned with its contact point as close to the reamer blank as ров- 
sible so that the contact point will be rotated through an arc with the 
smallest possible radius. 

With the largest diameter of the fluting cutter located on the center of 
the reamer blank, the fluting cutter is touched up against the top of the 
blank. To do this the milling-machine spindle is engaged to cause the 
fluting cutter to rotate. The table is then carefully raised until the teeth of. 
the fluting cutter just graze a long strip of paper that is held between the 
cutter and the reamer blank. After this procedure the table is moved longi- 
tudinally so that the fluting cutter will clear the end of the reamer blank 
іп preparation for making the table offset adjustments. 

Before these adjustments, however, a vertical corrective adjustment 
must be made. The purpose of such an adjustment is twofold: 1. to cor- 
rect for the thickness of the paper feeler used to touch up the fluting 
cutter; 2. to correct for the difference in the actual diameter of the reamer 
blank and the finish diameter of the reamer. This adjustment is made by 
raising the table a distance equal to the thickness of the paper feeler plus 
one-half of the difference between the diameter of the reamer blank and 
the finish diameter of the reamer. For example, if the thickness of the 
paper feeler is .003 inch, the actual diameter of the reamer blank is 
2.030 inches, and the finish diameter of the reamer is 2000 inches, the 
distance that the table should be raised is: 

ооз + 280 > 2.000 org neh 
The reamer blank is now in a position to make the predetermi 
verse and vertical offsets which are shown in Fig. 8-15. The table 
a distance n in the transverse direction and raised a distance m to bring 
the reamer blank into position for cutting the flutes. 

The method of calculating the offsets m and n will now be given. The 
terms in Formulas 8-4 and 8-5 are illustrated in Fig. 8-15. 


in (a + r) — dsina — R (cosa — sina) (84) 


йылый] айнда a iaa doa ci 
(8-5) 


Ch.8 DIVIDING HEAD WORK 243 


where: m = Transverse offset; or the horizontal distance from the center 

of the reamer blank to the center of the radius on the cutting 
teeth of the fluting cutter, inches 

т = Vertical offset; or, the vertical distance that the table must 
be raised, inches 

D = Diameter of the reamer when finished, inches 

4 = Depth of the reamer flute, inches 

а = Side angle of fluting cutter; or the angle on the side of the 
fluting cutter that will be used to eut the face surface on the 
teeth of the reamer, degrees 

7 = Rake angle to be cut on the reamer, degrees 

R = Tooth radius at the largest diameter of the fluting cutter, 
degrees 


FORM MLLING 
CUTTER 


-REAMER 
CUTTING 
EDGE 


When these formulas are used, the finish diameter of the reamer must. 
be used instead of the actual diameter of the reamer blank; otherwise а 
very small error will occur оп the resulting rake angle and a slightly 
larger error will occur in the depth of the flute. The correction for the dif- 
ference between the actual diameter of the reamer blank and the finish 
diameter of the reamer should be made before the offset movements, 
т and n, are started, as explained earlier. If the rake angle on the finished 
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reamer is to be negative, a minus (—) sign must be used ahead of the 
angle т in these formulas. 


Example 8-1: 

Flutes are to be milled in a reamer blank which is 2030 inches in 
diameter. The finished size of the reamer after heat treating and grinding 
is to be 2.000 inches. The reamer teeth are to have a 5-degree negative 
rake angle and the flutes are to be 300 inch deep. The side angle of the 
fluting cutter is 10 degrees, and the radius of the are connecting the an- 
gular cutting edges is 060 inch. Calculate the transverse and vertical 
offsets required to cut the flutes in the reamer. 


D 
n = 3 sin (a +r) = dsina ~ R (cosa — sina) 


= Fain (10° — 5°) — 300 sin 10° — 060 (cos 10° — sin 10°) 


= 08715 — 300( 17365) — .060 (98481 — .17365) 
= 108715 — 05210 — 04867 


n = — 0130 inch 


б 
O———— 


J [1—e0s (107 —5*)] + 300 cos 10° — 060 (cos 10° +sin 10 1) 
1.99619 + 300 (98481) — 060 (.98481+ . 
00381 + 20544 — 0095 

2897 inch 


The negative answer for the transverse offset, n, means that the reamer 
blank must be moved toward the right instead of toward the left as shown 
in Fig, 8-15. This is due to the effect of the radius on the fluting cutter. 
Tf this radius had been zero, the offset would have been 08715 — 05210 
= .035 inch toward the left. 


385-1) 


Example 8-2: 
Calculate the transverse and vertical offsets required to cut the reamer 


blank. in Example 8-1 if the rake angle of the finished reamer is to be 
5 degrees positive and all of the other dimensions are to remain unchanged. 


n = Bein(a +r) = dsina — R (cosa — sina) 


sin (10° + 5°) — 300 sin 10° — 060 (cos 10° — sin 10°) 


= 25882 — 05210 — .04867 
n = 1580 inch 
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————— 


———— € 
= Tana жю (ouis) — банан» 17365-1) 

ars зи. нот 
3200 inch 


In this case the transverse offset, n, is made by moving the reamer 
blank toward the left, as shown in Fig. 8-15. 


Example 8-3: 

Caleulate the transverse and vertical offsets required to cut the reamer 
blank in Example 8-1 if the rake angle of the finished reamer is to be 
zero degrees and all of the other dimensions are to remain unchanged. 


n= Dinlar) dina R (cosa = sina) 


= Join (10 + 0°) — 300 sin 10* — 060 (os 10* — sin 10°) 


117365 — 05210 — 04867 
10729 inch 


m = D [1- cos (ar) fj +d cosa R (cosassina-1) 


[1— eos (10° -0*) ) + 300 cos 10°  R (cos 10* + їп 10*—1) 


= (1— 98481) + 300 (98481) — 000 (98481 +.17365— 1) 
01519 29544— 0095 
3011 inch 


The transverse offset is made by moving the reamer blank toward the 
left, as shown in Fig. 8-15. 

The flutes of reamers may be spaced unevenly to prevent the reamer 
from chattering. The flutes of half of the reamer may be spaced irregularly 
but made to correspond with the other half of the reamer, the opposite 
cutting edges being diametrically opposite each other. (See Fig. 8-16.) 
‘The advantage of this method is that the diameter of the reamer can be 
measured directly. Another method is to space the cutting edges around 
the whole reamer irregularly so that no two cutting edges are diametrically 
opposite each other. These reamers should be measured when mounted 
оп bench centers with the aid of a vernier height gage and a dial test 
indicator. 

It is desirable to have the widths of the lands of the reamers equal. 
When the reamer teeth are unequally spaced, the land widths will not be 
equal if the depth of the cutter setting remains constant. It is, therefore, 
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spacing with 
'B. Fluten so spaced that cut 


h half uniform and cutting edges opposite. 
‘edges are not exactly opposite 


necessary to raise the table during the cut in order to produce a uniform 
land width on the reamer. 

When the flutes of the reamer have unequal spacing—which is alike on 
‘each half so that the opposite cutting edges are in line, the indexing may 
be done by milling the flutes in pairs; that is, after a fute is milled, the 
dividing head is turned half a revolution and the corresponding flute оп 
the opposite side of the reamer is cut. Then, after the adjacent flute is 
milled, the dividing head is again turned half а revolution, and so оп, 
Two cuts should be taken in each flute. The first series of cuts around the 
reamer should be slightly less than the required depth. When the second 
cut in each flute is made, the depth should be varied slightly so that the 
widths of the lands will be equal. 

To illustrate how the indexing movements for irregular spacing are 
determined, suppose that a reamer is to be cut having eight flutes with 
the spacing of each half equal. Assume that a 20-hole-circle index plate 
is to be used. The total number of holes on the index plate that the 
crank passes in making one revolution of the dividing-head spindle is 
20 x 40 = 800. The number of holes for eight equal divisions would be 
800 + 8 = 100. The next decision to make is the amount of irregularity 
to have in the spacing. The difference should be slight and need not exceed 
2 degrees, although it is often made 3 or 4 degrees. Assuming that the 
difference is to be 2 degrees, the movement of the index crank necessary 
to give this variation must be determined. As 800 holes represent a com- 
plete revolution of the dividing-head spindle, or 360 degrees, a movement 
of one hole = 360 + 800, or nearly 3 degree. Therefore, the number of 
holes required for а movement of 2 degrees is approximately equal to 
2 +0.5= 4 holes. If the divisions were equal, the eight flutes would be 
cut by turning the crank five turns or 100 holes. However, by varying the 
movement four holes one way or the other as nearly as can be arranged, 
an irregularity of approximately 2 degrees is obtained. Thus the successive. 
movements could be 96, 100, 103, and 101 holes, or 4 turns 16 holes, 
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5 tums, 5 turns 3 holes, and 5 turns 1 hole. In diagram A, Fig. 8-16, 
flutes а and ау would be milled first, diametrically opposed; then by 
indexing 96 holes, the work would be located for milling flute b. After 
milling flute b, on the opposite side, another movement of 100 holes 
‘would locate бше c. Flutes с and c, would be milled, and 103 holes indexed 
to locate d. After fluting d and d; the cutter could be aligned with flute 
а by a movement of 101 holes. The maximum amount of spacing between 
adjacent flutes is that represented by the spacing of flutes а and b. This. 
is equal to 101 ~ 96, or 5 holes, which is approximately 2% degrees. 
When selecting the number of holes by which the indexing movements 
are to be varied, remember that the total sum must equal one-half the 
number of holes representing a complete revolution when each half of 
the reamer is spaced alike and indexed as described. Thus: 


96 + 100 + 103 + 101 = 400. 


When all of the flutes are to have irregular spacing, the indexing 
movements may be obtained from Table 8-1. To illustrate its application, 
suppose that a reamer is to have eight flutes. If the spacing were equal, 
five turns of the crank would be required (40 8 = 5). In order to obtain 
the irregular spacing of the flutes the indexing move for the second flute. 
should be five turns minus three holes; the third flute five turns plus five 
holes, ete. The last movement will complete the 40 turns of the crank 
in order to make one revolution of the spindle. In conclusion, it should be 
emphasized that the irregularity in spacing сап be obtained by variations 
in indexing other than those that have been described. 


Table 8-1. Indexing Movements for Milling 
‘regular Spacing of Teeth on Reamers 


th fute. 
sath бше. 
тиһ fte 
тив tae 
тив ме... 
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Milling a Tang and a Center Key Slot 

‘The procedure for milling a center-key slot in а sleeve adaptor is shown 
їп Fig. 8-17. The sleeve is held between the tailstock and the headstock 
centers. A driving dog is placed over the sleeve which is not shown in 
the illustration. А two-fluted end mill is held in the spindle of the machine 
by а suitable chuck, The spindle is started and the end mill is carefully 
brought up to the cylindrical portion of the work. (If a vertical milling 
machine is used, the table movement should be toward the column and 
touched up on the side away from the column so that the graduations 
оп the transverse feed serew micrometer dial will read directly. On а 
horizontal milling machine the direction of the movement is vertically up 
and the touch up is on the top of the workpiece.) When the end mill 
can be felt to graze a long paper shim held between the work and the 
cutter, the table feed is stopped and the cutter is moved to clear the work. 
The table is moved a distance equal to the thickness of the paper feeler 
plus one-half of the cutter diameter plus one-half of the workpiece diam- 
eter against which the touch up was made. Next, the table is positioned 
so that the cutter is in the correct lengthwise position. The sleeve is then 
fed into the cutter until it has penetrated to a depth of approximately 
0.250 inch, and a lengthwise cut is taken until the slot is 1340 inch long, 
Repeat this operation until the depth of the slot is about one-half the 
diameter of the sleeve. Index the sleeve 180 degrees, and cut the opposite 
half of the key slot until it is completely through the sleeve. Remove the 
tworfluted end mill, and replace it with a four-fluted end mill that is long 
‘enough to extend through the key slot. Start the spindle and position the 
end mill in the slot as shown in Fig. 8-17. Move the table and take a very 
light cut along one side of the key slot. Remove the end mill from the 
hole and index the sleeve 180 degrees. With the spindle running, feed the 
end mill through the hole, and then take а light cut along the other side 


А CENTER KEY SLOT 
< END MILL / TAPER SLEEVE 
N 


| pares 
L TAILSTOCK. DIVIDING HEAD 
CENTER CENTER 
—— 

Fig. 8-17. Milling а cester key slot on a tapered sleeve adaptor 
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of the key slot. After measuring the width of the slot, adjust the table a 
distance equal to one-half of the difference between the measured dimen- 
sion and finished dimension to which it must be cut. Take another cut оп 
each side of the slot as before, and measure the slot again. Repeat until 
the slot is finished to size. 

Because the tang on this sleeve is designed to be 90 degrees with respect 
to the key slot, the dividing head should be indexed 90 degrees. (See 
Fig. 8-18.) A %-inch four-futed end mill is placed in the spindle. The 
spindle is started, and the cutter is fed into the end of the sleeve in order 
to take а trial cut that will leave the tang oversize. Since the length of 
the tang is only 2442 inch, the trial cut is made to this length, With the 
cutter clear of the work the sleeve is indexed 180 degrees, and a trial cut 
is taken on the opposite side with the depth of cut setting of the cutter 
undisturbed from that used to take the first cut. Measure the thickness 
of the tang with a micrometer ealiper. When the work has been moved 
the required amount into the cutter, take a cut on both sides of the tang 
as before to bring it to size. 


Machining the Opening in a Blanking Die 
The dividing head is used in conjunction with а slotting attachment 
in Fig, 8-19 in order to machine the opening in a blanking die. The die is 
accurately centered in a four-jaw independent chuck that is mounted on 
the nose of the dividing-head spindle. The opening in the die has been 
previously drilled and bored on an engine lathe. There are 10 triangular- 
notches that must be cut to size. The slotting tool is ground 
It is centered on the vertical diameter of the 
bore, and the notches are cut by using the hand feed to feed the knee in 
а down direction. The notches are machined a uniform distance from the 
axis of the die by using the micrometer dial on the hand adjustment of 
the knee. 


TAPER 


< TANG Û ENO MILL sleeve 


L TAILSTOCK DIVIDING HEAD 

CENTER CENTER 
сеи of Cincinnati Miren 

Fig 818. Milling the tang on а tapered sleeve adaptor. 
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сенче ч Cininnals Micron 
ing the opening of a blanking die. 


Fig. 19. Mad 


Graduating a Micrometer Di 
Micrometer dials ean be accurately graduated on a dividing head as 
shown in Fig. 8-20. The micrometer dial is mounted on а special mandrel 
that is held in the dividing-head spindle. A single-point high-speed stecl 
tool is held in a boring bar which is fastened to the slotting attachment, 
The cutting tool is ground to an included angle of 60 degrees. If the depth 
of the cut is .010 inch, the width of each graduation will be approximately 
005 inch. In this ease the depth of eut is established by the longitudinal 
fced because the graduations are on a 45-degree conical surface. The 
amount of longitudinal feed required to obtain a 010 depth of cut is: 


I Feed = 010 x скс 45° 
010 x 14142 
O14 inch 


Longitudi 


There are to be 250 graduations, and every fifth graduation is to be 
made longer than the others. The stroke of the slotting attachment is 
adjusted for cutting the longer graduations. The dividing-head setting is 
calculated as follows: 

40 _ 40 __tholes _ 

250 ~ 25-hole circle 
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Certo of Cincinnati Micron 


Fig 8-20 Graduating a ler да! инд a dividing head and 
slotting attachments 


However, instead of indexing four holes in the 25-hole circle, the long. 
Graduations are cut first by indexing 4 x 5 = 20 holes in the 25-hole 
circle, After the long graduations are cut, the length of the slotting attach- 
ment stroke is adjusted to cut the short graduations. The short gradua- 
tions are cut by indexing four holes in the 25-hole circle, but every fifth 
graduation is skipped since it has already been cut. The graduations 
should not be cut to depth in one stroke of the ram in order to avoid an 
excessive burr. Several strokes should be used with the table fed by hand 
a small amount during each stroke. The depth can be accurately controlled. 
by using the micrometer feed dial. 

If a slotting attachment is not available, the cutting tool may be 
clamped in а fly cutter holder, or it may be clamped between the collars 
directly on the milling-machine arbor. When the cutting tool is to be 
clamped directly on the arbor as explained above, two tool bits should be 
used. One tool bit is the actual cutting tool, and the other is clamped on 
the opposite side of the arbor. This prevents the clamping force exerted 
when the arbor nut is tightened from bending the arbor. When this method 
is used instead of the slotting attachment, the graduations are cut by 
hand with the table fed longitudinally and the depth of cut obtained by 
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raising the knee. The length of the graduations can be determined by 
using the longitudinal feed micrometer dial. Graduations on conical sur- 
faces, such as in Fig. 8-20, are cut by positioning the dividing head at the 
required angle. 


Milling End Teeth on End Milling Cutters and 
Side Teeth on Side Milling Cutters 

When the end teeth of an end mill or the side teeth of a side mill are 
being cut, the dividing head must be set at an angle as shown at A and B 
in Fig This is necessary in order to mill the lands or tops of the 
teeth to a uniform width. The angle of elevation to which the dividing 
head must be set is determined by the following formula: 


cosa = tan SW” x cot (80) 


where: а = Angle of elevation of dividing head 
N = Number of teeth on the cutter 
В = Cutter angle (Fig. 8-21, B) 


Bronple 8-4: 
An end mill is to have ten teeth. A 70-degree fluting cutter is to be used. 
Calculate the angle at which the dividing head should be set. 


360° 


cosa = tan “> X cot 8 


= tan 860” x cot 70° = 72064 x 36907 


cosa = 2044 
wu 


‘The angle of elevation for cutting the side teeth of a side milling cutter 
is determined in exactly the same way. Sketch В shows a dividing head 
set for milling the side of a side mill with a 70-degree cutter, the angle a 
being approximately 85% degrees. 


Milling the Teeth of an Angular Milling Cutter 
‘The flutes of angular milling cutters must be cut so that the teeth have 
a uniform width at the top. Referring to Figs. 8-22 and 8-23, the pro- 
cedure for calculating the angle of elevation required to mill angle cutters 
is given here: 
в = Angle of elevation of dividing head 


B = Angle of cutter blank to be milled 
C = Angle of fluting cutter. 


T = Tooth angle = 30 
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Fig.821. А. Dividing head set for milling teeth of end mill. B. Dividing hend set 
to mill the side teeth of a side milling cutter. 


Pare 


Fig 8-22 Dividing head set at angle of 15 degrees for cutting teeth in 70-degree 
angle cutter blank with a 60-degrer cutter. 


N = Number of teeth to be milled 
D and E = Angles indicated on Fig. 8-23 
‘Then: 
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л for determining position of dividing head 
when milling teeth on angle cutter. 


sin E = tan T cot sin D 
a=D-E 
Example 8-6: 
The flutes of a 70-degree milling cutter with 18 teeth are to be milled 


with a 60-degree single-angle cutter. Calculate the angle a to which the 
dividing head must be elevated in order to obtain lands of uniform width, 


360° _ 360° 


7 2 2. 0" e 
LEAT _ cos 20° 03909 
tan D = а tan TO? 2285 
— 
D = 1859 


sin E = tan T cot Csin D 

= tan 20° cot 60° sin 18°53’ 
36397 x 57735 x 32364 
1068009 


E = 354 
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18°53’ — 3°54" 


Drilling and 

Figure 8-24 shows the setup for boring 19 holes in a cast-iron plate, 
The holes are patterned in concentrie circles around a hole located in the 
center of the plate. The dividing head is mounted on special elevating 
blocks which elevate it above the level of the table in order to clear the 
face plate. Те spindle of the dividing head is positioned parallel to the 
spindle of the milling machine. A face plate is mounted on the dividing- 
head spindle nose, and the workpiece is clamped to the face plate with the 
axis of the central hole coinciding with the axis of rotation of the dividing- 
head spindle. This may be done by means of a layout, or, if the holes 
have been machined previously, by indicating the sides of the central hole 
when rotating the dividing-head spindle. The central hole is then aligned 
with the axis of the milling-machine spindle by using layout lines as a 
reference or by placing a dial test indicator on the spindle of the milling 
machine and indicating around the sides of the central hole. The dividing- 
head spindle must then be turned so that the first hole in the inside hole 


€— 


Fig 8-24 Boring 19 holes in a cast iron plate. 
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circle can be aligned with the milling machine by moving the table longi- 
tudinally. The dividing-head crank should be positioned so that the index 
plate pin is in one of the numbered holes on the index plate. This may 
require releasing the plate stop and rotating the index plate a small 
amount in order to fit the index plate pin into the numbered hole of the 
24-hole circle, 

‘The central hole is then bored to the required size with a single-point 
boring tool that is rotated by the milling-machine spindle while the work 
is fed with the transverse table feed. An offset boring head, with a mi- 
crometer dial to allow the boring tool to be offset an exact amount, would 
be very helpful in boring the holes. After the central hole has been 
to size, the table is moved longitudinally a distance equal to the radius of. 
the second hole circle. This hole circle has six holes equally spaced around 
its circumference. After the first hole of this hole circle has been bored 
to size, the dividing head is indexed six turns of the crank plus 16 holes 
in the 24-hole circle. This movement is determined from the following 
calculation 


40 40 24 115 
ыш Ж уры эйе Г 

All of the holes in the second hole circle are bored to size, after which the 

table i moved longitudinally to the position for boring the outside hole 

circle There are 12 holes in the outside hole circle which are indexed by 

setting the dividing head to index three complete revolutions of the crank 
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Fig. $25 Drilling holes around а hole circle in а Banged сар. 
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plus eight holes in the 24-hole circle. The movement is determined as 
follow 


ә 
12 


n 

А similar procedure can be used to drill holes in a hole circle such as 
the one shown in Fig. 8-25. The operation illustrated is drilling and 
counterboring 42 holes for clamping screws on a flanged cap. The indexing. 
movement for each successive hole is to rotate the crank 40 holes in the 
42-hole circle. In performing the operation, every hole is started with a 
drill and countersink, or center drill, held in the spindle of the machine. 
Then, after all of the holes have been drilled to the required size, they 
эге countersunk to the correct depth. 


CHAPTER 9 


Helical and Cam Milling 


A helical surface is produced on a milling machine by rotating the 
workpiece while at the same time feeding it in the direction of the axis 
of rotation. This motion is accomplished using а universal dividing head 
which is driven from the table feed screw through change gears (see 
Fig, 9-5). The change gears pe ying the ratio between the table 
feed rate and the rate of rotation of the dividing head on which the 


Fig 9-1 Cutting 


sal Bates in a helical milling cutter blank. 


workpiece is mounted. The dividing-head indexing mechanism can be 
used independently of the helical milling mechanism in order to space the 
helical grooves around the periphery of the workpiece as required. An 
exception to this is differential indexing, which cannot be done during 
helical milling; however, this method of indexing is seldom required for 
helical milling. А typical helical milling setup and operation is shown in 
Fig. 9-1, which shows helica! flutes being milled in a helical milling cutter 
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blank. The operation is being performed on a universal milling machine. 
which has its table swiveled at an angle in order to cut the helix. The 
dividing head is driven by enclosed gears located behind it. 

The contours of most cams are generated by taking a series of incre- 
mental cuts which combine the rotation and the displacement of the cam 
blank. On a radial cam and on a face cam the movement of the сат 
blank would be rotation and radial displacement; on a drum cam the 
movement would be rotation and longitudinal displacement parallel to 
the axis of the cam. There are some cams, however, that can conveniently 
be cut by a method similar to helical milling. A vertical milling attach- 
ment is used together with a universal dividing head for cutting these 
саш surfaces, 


Helical Curves and Helical Surfaces 


А helical curve is a curve which winds around a eylinder and advances. 
at a uniform rate in the direction of the axis. Such a curve is shown in. 


S AXIS OF ROTATION 


DEVELOPED 
p 


то — — 


Coureey of Cincinnati Miloeron 
Fig 92 Development of the helix. 


Fig. 9-2. If the surface of the eylinder in this illustration is unfolded into 
а plane, the circumference of the cylinder would be represented by the 
line OB which would be equal in length to =D, where D is the diameter 
of the cylinder. The helix, when unfolded, becomes the straight line OG. 
The helix on the cylinder is shown having made one complete revolution. 
‘The length along the cylinder required for the helix to make the complete 
revolution is called the lead. When unfolded, the lead is represented by 
the distance BG, which is also given the dimension L. 
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The helix has two angles, E and C, which are called helix angles and 
which are used in practice. It is, therefore, necessary to indicate clearly 
which helix angle is meant. The helix angle of screw threads is commonly 
specified by the helix angle E, while, on the other hand, the helix angle 
on helical gears and milling cutters is specified by С. 

The following equations are obtained from the geometry of Fig. 9-2. 


L=sDtanE (9214) 
L= xDeotC (9-1B) 


where: E and C = Helix angles in degrees 
1, = Lead of helix, inches 
D = Diameter of the eylinder, inches 


А number of equally spaced helices all with the same lead and helix 
angle are shown in Fig. 9-3. When the cylinder on which they are marked 


Conran af Cincinnati Maron 
Axial (P), circular (РӘ, and normal (P,) pitch of equally spaced helices, 


is unfolded, the helices form a series of parallel lines. The pitch of the 
helix is defined as the distance between each helix. Figure 9-3 illustrates 
three pitch distances, each of which must be clearly distinguished: 


Р, = Axial piteh—the distance between consecutive helices when 
‘measured parallel to the axis of the eylinder 

P, = Normal pitch—the distance between consecutive helices when. 
measured perpendicular, or normal, to the helices 

Р, = Circular pitch—the distance between consecutive helices when 
measured in a direction perpendicular to the axis of the cylinder 

N = Number of equally spaced helices 
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From the geometry of Fig. 9-3: 
D 


Py (92) 
L=PN (93) 
P, = Р, оС (0-4) 
P, = PesinE (9-5) 
Р, = Petan E (9-6) 
P, = P.eotC (9-7) 


Helical surfaces are formed by the sides of the flutes of helical milling 
cutters, reamers, ete, Since the diameter along these surfaces varies from 
top to bottom, their helix angle varies and is dependent upon the diameter 
at which it is measured. This is shown in Fig. 9-4, where the helices cor- 
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Fig. 9-4. Development of a helical surface. 


responding to the diameters Dy, Da, and Ds are developed. The helix 

les Cy, Ca, and Cs, corresponding to the diameters Dy, Ds, and Da 
along the helical groove, are not equal to each other. It is therefore neces- 
sary to select а diameter on which the helix angle is measured, In the 
case of helical gears, the diameter is the pitch diameter of the gear. In 
the case of the helical milling cutters the helix angle is generally given 
оп the outside diameter of the flutes. 


Change Gears for Helical Milling 
When milling a helix on a milling machine the dividing head is used 
to rotate the workpieces as the table feeds in the longitudinal direction. 
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The rotation of the dividing head is derived from a gear train which is 
driven by the longitudinal feed serew or lead screw. Figure 9-5 illustrates 
two dividing-head drives: at the left it can be seen how the gears on an 
older machine are connected to the dividing head. At the right a newer 
тасһїйе has a cover over the gears which acts as а shield. In the gear 
trains illustrated, gears D and В are driving gears, and C and А are 
driven gears. Gears B and C are compound gears since they are located 
оп the same shaft and rotate together at the same speed. Because these 
gears have different numbers of teeth, they affect the speed ratio between 
gears A and D. Single idler gears, on the other hand, affect only the direc- 
tion of rotation and not the speed ratio of the driver and driven gears. 
‘The standard change gears available on the Cincinnati Universal Divid- 
ing Head have the following number of teeth: 17, 18, 19, 20, 21, 22, 24 
(2 gears), 27, 30, 33, 36, 39, 42, 45, 48, 51, 55, 60. On the Brown & Sharpe 
Universal Index Head the gears used for differential indexing are also 
used for helical milling. These were listed in Chapter 7. 

The lead of the milling machine must be known or calculated before 
the change gears required to cut a given helix can be calculated. The 
lead of the milling machine is the distance that the table advances by 
the longitudinal feed when the dividing-head spindle makes one revolution 
while being driven by change gears having a one-to-one ratio. If the 
number of threads per inch on the longitudinal feed or lead screw and 
the ratio of the dividing head are known, the lead can be easily calculated 
in the following manner: 


Dividing Head Ratio өз) 
Хо. Threads per Inch on Lead Screw 


Most dividing heads have a 40 to 1 ratio, and if, for example, the lead 
serew of a given machine has four threads per inch, the lead would be: 


Lead of Milling Machine = 


Lead of Milling Machine = 4? = 10 


In other words, if the change gear ratio were 1 to 1, the table would 
advance 10 inches while the dividing-head spindle made one revolution. 
This would result in a helix with а lead of 10 inches being cut on a 
workpiece held on the dividing head. 

‘The change gears for helical milling are calculated by using Formula, 
9-9: 


Driven Gears _ Lead of Helix to Be Cut 
Driving Ges Lead of Machine 


The application of this formula will be illustrated by the following ex- 
amples. 


(99) 


Example 9-1: 


A helix with a lead of 48 inches is to be cut on a milling machine. A 
Cincinnati Universal Dividing Head is to be used. The milling-machine 
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ing the dividing head spindle when performing a 
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lead screw has four threads per inch. Calculate the required change gears, 
using only those gears available with the Cincinnati Universal Dividing 
Head. 

40 


Lead of M 2-0 


ing Machine 


Driven Gears _ Lead of Helix to Be Cut _ 48 
Gears Tead of Machine 10 
_%х8 _ GX 10) (8 x 6) 
2х5” (2X 10)(6 X6) 
00 x 48 
20x30 
Referring to Fig. 9-5, the driving gears (20 and 30) must be placed їп 
positions D and B. It does not matter which gear is on D or which gear is 
on B. The driven gears (60 and 48) are placed in posit 
it does not matter which of the driven gears is in position C or in position 
A. For example, the correet lead (48 inches) would be cut if the gears 
‘were positioned in any of the following sequences: 


Position Sequence Number 
1 2 3 4 
Driving Gear D 20 30 20 30 
Driving Geor B ю æ 30 20 
Driven Gear € 0 б 48 48 
Driven Gear А 4 48 60 00 
Gear Ratios for Complex Leads 


It is usually not possible to obtain the change gears necessary to cut 
all leads, Leads which cannot be cut exactly by existing change gears may 
be classified as complex leads. On certain classes of work, such as helical 
gears, itis necessary to find a gear ratio for which change gears are avail- 
able and which will eut a lead as close as possible to that required, Мапу 
instruction books supplied by dividing-head builders as well as Machin- 
отуз Handbook have tables listing the change gears for cutting a wide 
range of leads: however, it is very useful to be able to calculate these gear 
ratios 

Although Formula 9-9 is used for calculating change gears in helical 
milling, special methods must be employed to caleulate gear ratios {ог 
complex leads. There are two basic methods for calculating the gear ratios 
for complex leads: the logarithm method and the method of continued 
division. Since the first method requires a special table of logarithms of 
саг ratios, it will not be treated in this book; however, excellent informs 
tion on this method and the actual tables uceded, ean be found in Ma- 
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chinery’s Handbook The continued division method, on thc other hand, 
сап best be described by carefully studying the following examples: 


Bzample 94 
Calculate the change gears required to cut the flutes of a 10-tooth, 4-inch 
diameter, plain helical milling cutter which ha» a 25degree helix angle 
This job is to be performed using a Cincinnati Universal Dividing Head 
on a milling machine on which the lead is 10 inches. 
‘As а first step the lead corresponding to this helix angle must be 
calculated. 


=r (4) (2.1445) 
26.949 inches 


‘The required gear ratio can now be calculated by following the steps 


below in the exact order given: 
1, Apply Formula 9-9. 


Driven Gears _ Lead of Helix to Be Cut 
Driving Gears ^ Lead of Milling Machine 
26919 


2. Expand the gear ratio so that it becomes a whole number. 


Drive 26909 x 1000 _ 26949 
Driving Gears ` 10 X 1000 7 10,000 
3. Start the continued division process. 
а. If the numerator of Formula 9-9 is larger than the denominator, 
divide the denominator into the numerator. 
b. If the denominator is larger than the numerator, divide the nu- 
merator into the denominator. Thus: 
Driven Gears _ 26,9 
Driving Gears ^ 10,000 
+ = 2 ш 
26919 + 10000 = 2 озуу, (А) 


4. Continue the continued division process. This is done by taking (ће 
remainder or fractional term of the previous quotient and dividing 
the denominator of this remainder by its numerator. The process is 
repeated until a quotient is obtained that has no remainder. Start- 


ЛЕ Obere, уза D. Jones and Hobo 1. Horton, ©echnery Mendboot, S ed, (New 
Yor indent Rem ыз Ese ai С" y 
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ing with the remainder of the first quotient obtained, the continued. 
division process is carried to completion below. 


10,000 + 6,948 


+173 = 14 (о 
358 + 173 = 1555 O 


Eu ٩ 

499 + 3,051 = 209000) 178 + 164 = 1 (Н) 
3051 + 847 mM eomas D 
847 + 510 = E 942-45 0) 
эо+зт-1 gy o 241-2 œ) 


5. Tabulate the results of the continued division. 
ABCDEFGH I 4 к 


фойе (Whole 2 | 


230011 6 4 31 


S 27 35 62 97 189 2959 11905 26,049 


Smee) 
L MED 
[y 

Чы гот 


3 10 13 23 36 50 1098 4,451 10000 


2731113 HW 4 1 


The results of the continued divisions must be tabulated as shown. 
‘The whole number part of each quotient obtained, including that 
of the first continued division, must be entered from left to right 


the table in the exact order in which it was obtained in the 


continued division process and in the appropriate row, Two of the 
horizontal rows represent the gear ratios or the driven gears/ 
driving gears. There are four spaces in the gear ratio rows that are 
ahead of the vertical quotient columns. These spaces must be filled 
in according to the rules given below: 

a If the original gear ratio is greater than unity or one: 
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In the example at hand the gear ratio is 26,949/10,000, which is 
greater than one. 

The actual gear ratios in columns A, B, C, ete, can then be 
calculated by the following procedure. 

Driven Gears. Starting from left and going to right, successively 
multiply each number in the quotient row by the number that їз 
опе space to the left in the row below and add to this product the 
number that is two spaces to the left in this lower row. Enter the 
result in the space for the driven gear which is below the quotient. 

Driving Gears. Starting from left and going to right, succes- 
sively multiply each number in the quotient row by the number 
that is one space to the left in the row above and add to this 
product the number that is two spaces to the left in this upper 
Tow. Enter the result in the space for the driving gear which is 
above the quotient. 

‘The final gear ratio must always be equal to the gear ratio used 
at the start of the continued divisions. It is important to note that 
it is the ratio which must be equal to the original ratio, although 
the exact numbers in the numerator and denominator may be 
different. The original ratio can always be obtained by multiplying 
the final ratio in the table by a number that is equivalent to опе 
such a52/2,3/3,4/4,etc. 

‘The mathematical procedure for calculating the gear ratios has 
just been described. In order to present an example of these cal- 
culations they are shown below for each space in the gear ratio 
rows, By comparing these calculations to the numbers in the tables 
the procedure for making the calculations can be learned. 


Column Driven Gear Driving Gear 
^ 2х1+0-2 2x0+1=1 
B 1x2+1=3 
с 2x342-8 
D 3x843-27 
E 1x2 68-35 
Е 1 x 35 + 27 = 62 
G 1 x 62 + 35 = 97 
H 1x 97 +62= 159 
1 18 x 159 + 97 = 2959 
E 4 x 2959 + 159 = 11905 — 4x 1098 + 59 = 4451 
K 211995 + 2,959 = 26,999 2 x 4451 + 1,098 = 10000 


The last gear ratio is Driven Gears/Driving Gears = 26949/ 
10000, which in this instance is exactly equal to the original gear 
ratio. This is proof that the gear ratio calculations are correct, 

Select the best gear ratio. A gear ratio is now selected from the 
table for which change gears for the dividing head will be avail- 
able and which will be as close as possible to the original gear 
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ratio. The original ratio is expressed as a decimal by dividing the 
denominato: into the numerator so that it ean be compared to the. 
selected gear ratio—which in this example is 26949. The gear ratio 
in the vertical column E (step 5), Driven Gear/Driving Gear 
35/13, is selected. The decimal equivalent of 35/13 is 2.6923. АП 
of the gear ratios to the left of E are rejected because their devia- 
tion from the original ratio is greater. The ratios to the right of E 
are rejected because they contain numbers that are larger than the 
available gears 


7. Caleulate the required change gears by factoring and expanding 
the gear ratio selected in Step 6. 


Driven Gears 35, 7X5 _ 7X6 „5X12 


Driving Gears 137 63 X2 ^ 65X6 2x12 


The actual lead that can he cut with the gear ratio of 35/13 ean be 
caleulated by manipulating Formula 9-9 as follows: 
Driven Gi Lead of Helix to Be Cut 


Tad of Machine en 


Lead of Helix to Be Cut 


Lead of Machine x Een Gears 


ng Gears 


= 10x 13 = 102.6923 


= 26.923 inches 


Thus, the total error of the lead that will be cut by the 35/13 gear ratio 
will he equal to 26.949 —26.923— 026 inch, or about 001 inch per inch. 


Example 9-3: 

A helical gear is to be eut on a milling machine. The lead of this ma- 
chine is 10 inches, and the lead to be cut on the gear is 7.882 inches. The 
dividing head to be used is a Cincinnati Universal Dividing Head. Cal- 
culate the change gears required to cut the teeth on this gear using the 
continued division method. 


Driven Gears _ Lead of Helix to Be Cut ТА 
Driving Gears ^ Lead of Miling Machine 
zem 
10 
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When the continued divisions are performed: 


таз = 1208 a) sg + 242 = 1108 
10,000 + 7,882 = 1 FES (A) 318 + 242 = 155 (Р) 
; 1528 
592 «2108 = 3 BB (в) 

28 + 1528 = 1399 c) 
эв 


1,528 + 590 = 255 (Di 


2:2 py 
00 + 348 = 1212 (Е = 
500 + зв = 1 jg (Е) + 


н+2 


In tabulating the quotients of the continued division, care must be exer- 
cised to place the first four numbers correctly in the first gear ratio spaces. 
Since the required gear ratio, 7882/10 is less than unity, the following 
tabulation is used: 


BODEPOR T з к 


Pie WA dodod 3 


3 4 n 15 20 07 227 2и 52 заи 


Driving o01 1 4 5 м 19 зз 8$ 288 373 GOI 5000 


моет (Whole 
ее qa poa ) 0 2 3 її т 
As a check on the calculations, the final gear ratio appearing in column К 
is equal to the original gear ratio 3941/5000 x 2/2 = 7882/10000. The 
calculations for the gear ratios appearing їп columns A, B, C, etc, are 
given below in order to illustrate once more how these calculations arc 
made. 


Column Driven Gears Driving Gears. 
А 1x0+1=1 1x1+0=1 
в 3х1+0-3 3x1+1 
с 1х3+1=4 1ха+1 
D 2x4+3=11 2x544 
E Ix11+4=15 1x14 +5 = 19 
F 1x 15 + 11 = 26 1 x 19 + 14 = 33 


(9 2х26+15=67 2 x 33 + 19 = 85 
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Column Driven Gears Driving Gears 
H 3 x 67 + 26 = 227 3 x 85 + 33 = 288 
1 1х221+61=2%4 1 x 288 + 85 = 373 
1 1x 294 + 227 = 521 1x 373 + 288 = 661 
K 7 x 521 + 294 = 3,941 7 x 661 + 373 = 5,000 


The required gear ratio is: 


Driven Gears _ 7.882 _ 
Driving Gears 7 10 ~ 7882 


The ratio selected from the table is 26/33 which is equal to 7878. The 
required change gears are: 


Driven Gears _ 18 x 39 
Driving Gears 27 X 33 


The actual lead cut by the gears selected 
Lend of Helix to Be Cut = Lead of Machine X 


Driven Gears 
Driving Gears 


= 7.879 inches 


Thus, the total error in the lead when the selected gears are used is 
7.882 — 7.879 = 008 inch. 


Milling Helical Flutes 

Milling the helical flutes on a plain milling cutter is a typical example 
of a helical milling operation. This job will be used as an example in 
order to present some of the details involved in actually doing a job of 
helical milling. Ап end view of the plain milling cutter is shown in Fig. 9-б. 
The flute is to have a right-hand cut (see Fig. 912) and a right-hand 
helix with a 25-degree helix angle. The cutter blank is made from an M2 
high-speed steel that has been carefully annealed to a hardness of 240 Bhn. 
Jt has been turned and bored with some stock left on each surface for 
finish grinding after it has been hardened. 

Before the job is started each step should be planned and the necessary 
calculations should be made in advance. Starting with the calculations, 
the procedure for milling the flutes on a universal milling machine is 
described in the following steps: 
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сене o1 Cincinnati Miren 
Fig 9-6 Dimensions of a plain milling cutter. 


Make all of the necessary caleulations. 

2. Set up the eutter blank on the universal milling machine and 
‘mount the fluting eutter on the arbor. 

3. Position the cutter blank with respect to the fluting cutter. 

4. Swivel the table of the universal milling machine to the required 
swivel angle 

5. Cut the lates 


1. Make All of the Necessary Calculations. This is one of the most im- 
portant and difficult of the steps. The following calculations should be 
made before the job is set up on the machine зо that it will not be idle 
while the calculations are made. 


a. Caleulate the change gears required to cut the desired helix angle. 
b. Caleulate the hole cirele and index plate to be used; and determine 
the required movement of the dividing head. 

c. Determine the included angle of the fluting cutter. 

d. Calculate the corrected angle of table swivel. 

e. Caleulate the transverse and vertical cutter offsets. 

4. Caleulate the cutting speed and the feed rate. 


а, Calculate the change gears. As these calculations have already been 
shown in Example 9-2; they will not he repeated. 

b. Calculate the hole circle and dividing-head movement, Since there 
are 10 teeth on the cutter, the indexing movement will consist of making 
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four complete turns of the index crank which can be done by using any 
index plate. Sometimes the dividing head is used in making a layout on 
the end face of the gear blank and in positioning this layout, once it has 
been made, in correct orientation to the cutter. This requires indexing the 
cutter blank in degrees of an angle. It is, therefore, an advantage to have 
ап index plate attached to the dividing head with a hole circle which сап 
be used to index angles. On the Cincinnati dividing head this would be 
the 54-hole circle while on the Brown & Sharpe dividing head it would be 
the 27-hole cirele. 

©. Determine the included angle of the cutter. The 55-degree included 
angle in the base of the flute is measured on the end face, which is a plane 
perpendicular to the axis of the cutter blank. This angle is represented by 
angle f, in Fig, 9-7. The cutter blank will be swiveled at an angle b when 
the futes are being еш. Thus, the included angle of the fluting cutter must 
be angle f, which is called the normal flute angle, in order to produce the 
required ineluded angle, fe, in the plane on the end face of the cutter blank, 
‘The following formula ean be used to calculate the included angle of the 
cutter. 


tan f = tan f, cos b (9-10) 


where: f Normal flute angle and also the included angle of the cutter, 
degrees 
f. = The flute angle perpendicular to the axis of the cutter blank 
which is measured on the end face, degrees 
b = Angle of swivel of the milling-machine table, degrees 


For the moment it can be assumed that the angle of swivel of the milling- 
machine table is equal to the helix angle to be cut, or 25 degrees, 


Fig. 97. Relation between normal ute angle (/) and fute angle at right angle 
чо estier blank (1. 
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tan f = tan f, cosb = tan 55° cos 25° = 1.4281 X 90031 
= 1.2943 
j= 
А fluting cutter which is ground to this included angle will cut an angle 
of 55 degrees on the end face of the cutter blank. On the other hand, if a 
fluting cutter with a 55-degree included angle is available it would cut 
the following included angle on the end face of the cutter blank. 


jan 55° _ 1.4281 


= 1.5757 
57°30" 


It is now a matter of deciding whether to accept the small error (2°36") 
їп the included angle on the cutter blank caused by using a standard 
55-degree fluting cutter or to grind a fluting cutter to have an included 
angle of 52°19. In this ease it will be assumed that the fluting cutter will 
be ground 

d. Calculate the corrected angle of table swivel. The table must be 
swiveled in order to cut the helix as shown in Fig. 9-8. When the helix is 


шы Ыссы 
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Fig. 9-8. The table of the milling machine mast be ewivcled to 2243 for miling 
‘the right-hand helix 
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cut, the fluting cutter will be offset or set over. This offset will cause an 
error in the helix angle cut on the cutter blank if the table is swiveled 
to the designated helix angle—in this case, 25 degrees. The cause of the 
error is shown in Fig, 9-9. As а result of the offset of the fluting cutter, 
the helix is produced in the plane GG while at the same time the table is 
swiveled in the horizontal plane HH. View A illustrates this condition for 
а single-angle fluting cutter while view B shows a double-angle fluting 
cutter. 

The correct angle of swivel can be calculated, or it ean be determined 
from a layout on a drawing board, as in Fig. 9-9. The tooth form of the 
cutter is laid out, and a projection is made above the tooth form on which 
the helix angle is to be cut. Angle c is laid off for some convenient length 
4 (here d is not the depth of the tooth). A second projection is made ver- 
tically above the tooth form from the line GG as shown. On the second 
projection the distance d is laid off, and the angle b is determined as 
shown. Careful and accurate drafting practice to an enlarged scale must 
be used to make this layout. 

The corrected angle of swivel can be calculated by the following 
formula: 

tan b = tan e cos (r + ад бп) 


where: b — Angle of swivel of the milling-machine table, degrees 
€ = Helix angle to be cut, degrees 
r = Radial rake angle to be cut on the cutter blank, degrees 


кылу 
corte 


p—— M 
Fig 9.9. Graphic determination of the angle of swivel. 
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а = Side angle on that side of the fluting cutter which will cut 
the face of the cutting edge on the cutter blank, degrees 
(Fig. 8-15) 

а, = The angle of the fluting cutter (angle a) projected to the axis 
of the cutter blank (Fig. 9-9) 


When a single-angle fluting cutter is used, the term a is zero and Formula 
9-11 becomes: 


tan b = tan e cos r 


А double-angle fluting cutter is recommended over a single-angle fluting 
cutter because the single-angle cutter will tend to back cut, leaving the 
face of the flute marred with cutter marks. When double-angle futing 
cutters are used to mill flutes with a large helix angle, some back cutting 
‘may occur unless a special fluting cutter is used. 

Before Formula 9-11 can be used to calculate the angle of swivel, the 
value of the angle a, must be determined. To avoid some laborious caleu- 
lations, the angle a, can be assumed to be equal to the angle a because 
their difference is usually small. If this is done, the angle of swivel, b, can 
be calculated from Formula 9-11 with the knowledge that а small error 
will be present. 

In the present example, the radial rake angle to be produced is 10 
degrees (Fig. 9-6), and the side angle of the luting cutter is 15 degrees. 

tan b = tan e сов (r + a.) = tan 25° cos (10° + 15°) 
= (40631) (90631) = 42262 
b= 22° 55" 

It is possible to caleulate angle as; however, the caleulations involve a 
mathematical process known as the method of successive approximatio 
‘This procedure for ealeulating angle a, is shown in Appendix 1. 

е, Calculate the transverse and vertical cutter offsets. The procedure 
for calculating the transverse and vertical cutter offsets is given in Ар- 
pendix 2. It is shown in the Appendix that in this example: 


‘Transverse offset n = 16575 inch and 
Vertical offset m = 6554 inch 


A significant difference occurs in the answer for т and n if 16°10 is used 
for the angle а, instead of 15° in making the calculations. It is thus neces- 
sary to calculate the angle a. as shown in Appendix 1, if this method of 
offsetting the cutter is selected. 

An alternative method of offsetting the cutter, which does not involve 
these calculations, requires that a layout be made on the end of the cutter 
blank. This method, which will be described later, is practical when flutes 
are cut in cutter blanks having a large diameter because the layout will 
be readily visible 

1. Calculate the cutting speed and the feed rate. This is done in the 
conventional manner ako making use of Tables 5-4 and 5-8. The futing 
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cutter is a high-speed steel form-relieved-type milling cutter, and the 
cutter blank is made from high-speed steel (tool stecl) which has been 
annealed to have a hardness of approximately 240 Bhn. The diameter of 
the fluting cutter is 4 inches, and it has ten teeth. 


V=50fpm (from Table 5-4) 
J= 003 ipt (from Table 5-8) 
12 


арт 

2 Set Up the Cutter Blank and Mount the Fluting Cutter. The cutter 
blank is mounted on a mandrel and held in place by а nut. The mandrel 
is then mounted between the centers of the dividing head. Although the 
dividing head center acts as a live center, the tailstock center is a dead 
center and must be provided with lubri Usually а mixture of white 
lead and oil serves as a lubricant. It is necessary to disengage the stop 
pin of the dividing head because the index plate rotates when the helix 
is cut, 

А form-relieved shaped-profile luting cutter is mounted on the arbor. 
Here the fluting cutter is a right-hand cutter which is mounted on the 
arbor with its largest diameter opposite the spindle, as shown in Fig. 9-10. 
In this way the profile cutter will mill the бше by the conventional or up 
milling process, A left-hand futing cuter could be used as shown in 

ig. 9-14. 

‘A double-angle milling cutter with the desired radius on the end of the 
teeth and with a 55-degree included angle could also be used. This type of 
cutter will require taking two separate cuts through each flute. The first. 
cut is used to form the 55-degree profile in the base of the flute. A second 
cut must be taken through each flute to form the 30-degree profile located 
behind the cutting edge (Fig. 9-6). 

3. Position the Blank with Respect to the Fluting Cutter. In most in- 
stances when setting up to perform a helical milling operation, the work- 
piece and the milling cutter should be aligned with respect to each other 
before the table is swiveled. When the axis of the workpiece and the mill- 
ing cutter are perpendicular to each other, itis relatively easy to center the 
workpiece and the cutter or to obtain a desired amount of offset. When 
they are not perpendicular to each other, this presedure becomes very 
difficult to follow without an attendant loss of accuracy—unless, of course, 
the workpiece is positioned by the use of layout lines. 

Two methods can be used to align the fluting cutter and the cutter 
blank. One method is to use a layout which will be described later. The 
second method is to offset the workpiecc a predetermined amount after 
the center of the cutter blank has been positioned below the largest diam- 
eter of the fluting cutter. Since this method of offsetting the cutter blank 
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Fig. 0-10, Plan view showing relation between futing cutter and cutter blank for 


milling а right-hand helix with а righthand cut 


is the same as explained in Chapter 8 for the reamer, it will not be given 
in detail here. The four basic steps are: 


1 
2 


з 


Align the center of the cutter blank with the largest diameter of the 
fluting cutter 

Touch up the cutter blank against the rotating futing cutter using 
а paper feeler. 

Adjust the table to compensate for the thickness of the paper 
feeler as well as for the difference in diameter of the cutter blank 
and its diameter when it has become a completely finished plain 
milling cutter. 

Offset the table 6575 inch in the transverse direction and raise 
the table 6554 inch to obtain the vertical offset m. 
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If a roughing cut is to be taken through cach flute first, the 
offset is reduced about 030 inch to 625 inch on the first cut. 

‘When the layout method is used to align the cutter blank and the fluting 
cutter, the layout must be made before the table is swiveled. The first 
step is to remove temporarily one of the change gears that drive the 
dividing head in order to cut the helix. When this is done, the gear train 
will not cause the dividing-head spindle to rotate as the table is moved 
in the longitudinal direetion. The layout is now made with the aid of the 
dividing head whieh is used to index the required angles. (It is not for 
this reason, however, that the gear must be removed, The reason will be 
explained later on.) 

The end face of the eutter blank should be painted with a layout blue 
so that the layout lines will be clear and sharp. In the layout procedure 
as shown in view A, Fig. 9-11, line a is first seribed through the center of 
the blank. The cutter blank is then indexed 10 degrees, and line b is 
seribed as shown in view B. Then the cutter blank is indexed 90 degrees, 
and line c is seribed 1 inch below the top of the blank as seen in view C. 
‘The layout is now complete; however, the cutter blank must be indexed 
15 degrees to the position shown in view D. This angle is caleulated from 
the geometry of the layout lines so that line b will be parallel to the 
15-degree side cutting edge of the fluting cutter. This position can be 
checked by placing a straight edge or rule against the side of the cutter 
as shown in view D. 

‘The reason for removing the change gear will now become apparent. 
The table must be positioned longitudinally until the end face of the 
cutter blank is below the axis of the fluting cutter, or in a vertical plane 
passing this axis. The cutter blank must not rotate while the table is 
moved longitudinally to this position. Views E. and F in Fig. 9-11 illus- 
trate this procedure. Place a machinist’s square or a straight edge against. 
the end face of the cutter blank and move the table longitudinally until 
the blade of the square is against the collar of the milling-machine arbor 
as shown in view E. Insert a paper feeler between the collar and the blade 
of the square to check this position. When the correct position is attained, 
it should be possible to pull the paper feeler from between the arbor and 
the blade of the square; however, a definite drag should be felt. Using the 
longitudinal feed micrometer dial, move the table a distance equal to the 
sum of the thickness of the paper feeler and one-half of the diameter of 
the collar on the milling-machine arbor. The cutter blank will then be in 
the position shown in view F. 

4. Swivel the Table to the Required Swivel Angle. The swivel angle in 
this case was calculated to be 22°55. After the table has been swiveled, 
the change gear that was temporarily removed should be replaced. How- 
ever, before thetable is swiveled, the direction in which it is to be swiveled 
must. be known. Since there are several possibilities when flutes are cut 
їп а cutting tool such as a milling cutter, some thought and attention 
should be given to this matter. 
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Fig. 91 Steps in the layout method for aligning the cutter blank and 
the Buting cutter. 
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The four possibilities are shown in Fig. 9-12, with an end milling 
cutter used as an example. At A a right-hand cut with a right-hand helix 
is shown. To cut, this cutter must be rotated counterclockwise. The teeth 
оп the end face will eut with an effective positive rake angle which is 
formed by the flute. The cutter at B has a right-hand cut and a left-hand 
helix, It will also eut while rotating counterclockwise when viewed from 
the end; however, the teeth on the end face will have an effective negative 
rake angle. The cutter at C, with a left-hand cut and a right-hand helix, 
will cut while rotating clockwise when viewed from the end with the 
teeth. The effective rake angle in this case will be negative. A cutter with 
a left-hand cut and a left-hand helix, shown at D, will cut when rotating 


DE 
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Fie 9-12. Illustration showing the relationship of the hand of the cut 
and the hand of the helix on end milling cutters. 
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clockwise; and the teeth on the end face will have an effective positive 
rake angle as a result of the helix. Similarly, plain milling cutters have а 
specified right- or left-hand cut and a right- or left-hand helix. 

Cutters that have a right-hand cut are usually cut with a right-hand 
fluting cutter, and those that have a left-hand cut are usually cut with 
‘left-hand cutter. The setup for cutting a right-hand helix with a right- 
hand cut is shown in Fig. 9-11. The futing cutter is cutting by the con- 
ventional or up milling procedure. Figure 9-13 shows the possible com- 
binations for helical milling. In this illustration cutter A is а right-hand 
cutter and cutter B is a left-hand cutter. Climb or up milling should be 
avoided unless the milling machine has a backlash eliminator. Whenever 
possible the direction of the table feed should be such that the load 


somn mune 9 
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Fig. 9-12, Possible combinations of relationships between types of futing cutters their 

positions, the directions of blank rotation, and table feed when cutting teeth for 
Tight- or left-hand cut and on right- or leftchand helix. 
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caused by the cutting action is directed against the dividing-head head- 
stock, because the headstock center rotates with the workpiece. The tail- 
stock center, on the other hand, is а dead center, and the cutting load сап 
impose a heavy load on it which сап result in excessive wear. In Fig. 9-13, 
the dividing-head headstock is shown mounted on the right side of the 
table. On some milling machines the dividing head is mounted on the left 
side of the table. In either ease, the direction of the cutting load should 
be against the dividing-head headstock center. 

5. Cut the Flutes. If the cutter blank has been offset by moving the 
table the offset distances » and m, the cut can be started without any 
further work. Usually two cuts, a roughing and a finishing cut, are taken 
through each flute. The vertical offset, т, is made approximately 030 
inch less than the calculated dimension for taking the roughing cut. It is 
set to the calculated dimension before the finish cuts are taken. 

If the layout method has been used to offset the cutter blank, additional 
table adjustments must be made to position the cutter blank in the correct 
relation to the fluting cutter. The table is moved until the cutter blank is 
in the position shown in Fig. 9-10. Then by a combination of transverse 
and vertical table movements made while the cutter is rotating, the blank 
is moved to allow the cutter to cut into the flute until the cut is about 
080 inch away from the layout lines b and c (Fig. 9-11). This positions 


i to the left-hand futing cutter 
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the eutter blank for the roughing cut. After the rough cut is completed on 
all flutes, a similar table adjustment is made until the cutter touches or 
"splits" the layout line. The finishing cut can then be taken through all 
of the utes. Lower the table when returiog to e starting position 

‘Two helical flute milling operations are shown in Figs. 9-14 and 9-15. 
In Fig 9-14 a left-hand fluting cutter is in a position to mill a left-hand 
cut on a right-hand helix in a flute in a plain milling cutter blank. An 
interesting operation is shown in Fig, 9-15, where a right-hand helix with 
a right-hand cut is being milled in the flutes of four shell end milling 
cutters that are mounted together оп the same arbor. The notches seen 
in one of the bottom helices show the position of each shell end mill on 
the arbor. These notches arc caused by the keyseats located on the back 
face of each cutter. A right-hand fluting cutter is uscd, and the setup is 
the same as shown in Fig 9-10, 


Helical Milling Operations 

Several additional helical milling operations are illustrated in Figs 
9-16 through 9-19. In Fig. 9-16 the futes of a tapered milling cutter are 
being milled. In this case the flutes are cut with an end mill. The dividing- 
head spindle is tilted at an angle equal to one-half of the included angle of 
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Fig. 9-16. Setup for milling teeth on tapered milling cutter. 


the taper, The tailstock spindle is also tilted as shown in the illustration 
жо that it is supported at the correet angle. This job can be done on either 
а plain or a universal milling machine since it is not necessary to swivel 
the table—because an end milling cutter instead of an arbor-mounted 
cutter is being used. Whenever a helix is cut with an end milling cutter the 
table does not need to be swiveled. 

А universal milling machine сап be used to mill the teeth on the helical 
gears, as shown in Fig. 9-17. Helical gears can also be milled on plain 
knec-and-column-type milling machines. The cutter is swiveled to the 
helix angle required instead of the milling-machine table. One attachment 
with which this can be done is the universal milling attachment shown 
in Fig, 9-18. It is preferable, however, to use a universal milling machine 
for milling helical gears if one is available. The cutter is shown being 
held on a stub arbor while the workpiece is mounted between the dividing- 
head centers in the conventional way. 


Milling Worm Threads 

The helical grooves of a worm thread are shown being cut on а milling 
machine in Fig. 9-19. One advantage of milling worm threads is that a 
rather wide variety of leads can be obtained, and another advantage is 
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that multiple worm threads can be accurately indexed to provide a pre- 
cise spacing of threads. 

In Fig, 9-19, the worm is being cut with a form-relieved milling cutter 
with an ineluded angle equal to the angle of the worm thread. It is held 
on a stub arbor whieh is mounted on a universal vertical milling attach- 
ment. This attachment is swiveled to the helix angle of the worm threads, 

Since the lead of the worm is relatively small, a short-lead attachment 
is used to drive the table and the dividing head—otherwise the table 
feeding mechanism would be overloaded and possibly damaged. The mill- 
ing machine must be modified by the builder before this attachment can 
be used, because а special splined shaft, not installed on standard milling. 
machines, drives the gears їп the gear train. These gears are located in 
the housing attached to the dividing-head end of the table (see Fig. 9-19) 
When the low lead attachment is engaged, the table lead screw is driven 
by the gear train instead of by the splined shaft and gears that are nor- 
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Fig. 9-17, Milling teeth on а helical gear on a universal milling machine. 
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mally used. A train of gears inside this attachment connects the lead 
screw and the dividing head. Another attachment similar to the low-lead 
attachment is the long-and-short lead attachment that ean be seen at- 
tached to the table of the milling machine in Fig. 9-20, A range of leads 
from .100 inch to 1,000 inches can be cut with this attachment. 

Although short leads сап be cut by feeding the table manually with 
a hand crank such as the one in Fig. 9-5, an attachment is necessary when 
any extensive helical milling involving low leads is done. Since by this 
method the power table feeding mechanism is not used, it will not be 
overloaded and damaged. The use of the hand feed to feed the table is 
very tedious and is not recommended except in an emergency. 


Cam Milling Constant-Rise Cams 

Cams with a constant rise ean be generated in a milling machine by 
holding the cam blank in an angular position on the dividing head (Fig. 
9-20) and combining the longitudinal feed of the table with the rotation 
of the dividing head. The rotation of the dividing-head spindle is syn- 
chronized with the table feed through the gears that are used for helical 
milling. Since the leads involved in cam milling are generally rather short, 
а short-lead attachment or a long-and-short lead attachment is useful 
In Fig. 9-20, where a long-and-short lead attachment is shown, the cam 
is cut with an end milling cutter held in a vertical milling attachment. 


Courtuny of Cincinnati Mitacron 
Fig. 918. Mi 


ing a helical gear on а plain knee and columa milling machine 
using а universal milling attachment. 
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The vertical milling a 
the dividing head. 

И, in Fig. 9-20, the axes of the div 
of the vertical milling attael е both horizontal, the combined 
motion of the table feed and the dividing spindle rotation would cause a 
cylindrieal surface to be cut on the “cam"”—since the distance between 
the axis of the dividing-head spindle and the vertical milling attachment 
would not change. On the other hand, if the axes of the dividing head and 
vertical milling attachment were vertical, the rise cut on the cam would 
be equal to the lead for whieh the milling machine was geared. If the axes 
of the dividing-head spindle and the vertical milling attachment spindle 
are inclined, as shown in Fig. 9-20, any rise can be cut on the cam profile, 
providing it is less than the lead for which the machine is geared, The 
eam lead, then, can be varied within certain limits by simply changing 
the angle of inclination, i, of the dividing head and the vertical milling 
attachment. 

Formula 9-8 and the methods previously described in this chapter can 
be used to calculate the lead of the milling machine and therefore will 
not be repeated. The following formulas are used to calculate the angle of 
inclination of the dividing-head spindle, assuming that the milling ma- 
chine is geared for a given lead. 


ngular position as 


ie-head spindle and the spindle 
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Fig. 9-20, Setup for milling a uniform rise cam on a universal milling machine 
equipped with а long and short lead attachment. 


H- юл (9-12) 
Sic (923A) 
(9-135) 

Le = heoti + өм) 


where: i = Angle to which the dividing-head spindle and the vertical 
milling attachment are set, degrees 
h = The rise of the cam in a given part of a circumference, inches 
H = Lead of the cam, or the rise if the rise is considered to con- 
tinue at a given rate for one complete revolution, inches 
L = Lead for whieh the milling machine is geared, inches 
а = The included angle of the cam profile corresponding to the 
¢ h, degrees 
imum length of the flute on the end of the milling 
cutter required to cut the cam rise, inches 
w = thickness of eam 
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The relationship of these quantities is shown in Figs. 9-21 and 9-22. 
Formulas 9-12 and 9-13 are generally used by first calculating the amount. 
of cam lead H required in order to obtain a given rise A in an angle a. А 
convenient rule to follow is: Select a lead L that is equal to the number 
nearest to twice the cam lead Н. The angle of inclination can then be 
calculated. The minimum length of flute on the end milling cutter required 
to cut the cam rise, Le, can be caleulated when there is doubt about the 
length of the cutter that is available. 


Example-4, 

А cam with a constant rise of .750 inch in 90 degrees is to be cut on a. 
milling machine, Determine the lead to which the milling machine should 
bbe geared and the angle of inclination to which the dividing head and the 
vertical milling attachment should be positioned. 

360° А _ 360° x 750 _ 
H- г 3,00 inches. 


L= 2H «2X3 = 6inches 
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Fig 921. Relation of the com and the table lead 
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Fig. 0-22 Angie of inclination of dividing head and milling cutter spindle 
in relation to емш rise and machine lead 


Example 9-5: 

А \-ineh-thick eam is to be cut with a constant rise of .125 inch in 
300 degrees. Determine the lead to which the milling machine is to be 
geared and the angle of inclination to which the dividing head and the 
vertical milling attachment should be positioned. 

rh 60° x 125. 
HT NE 
=2H = 2 X 150 = 300 inch 

A lead of .300 inch cannot be cut by using the standard gearing 
mechanism available for helical milling; however, this lead can Бе cut 


150 inch 
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exactly using a long-and-short lead attachment. Therefore, two solutions 
will be offered: one for standard gearing and the other for use when a 
long-and-short lead attachment is available. 

For a long-and-short lead attachment: 


"EM 
mt = L7 300 


9 


h cot i + w = 125 cot 30° + 250 
= 125 X 1.7320 + 2% 
= 467 inch 


The standard leads that ean be cut on the Cincinnati Universal Milling. 
Machine equipped with the Standard Enclosed Driving Mechanism range 
from 2% to 100 inches. It is assumed below that the machine will be 
geared for the minimum available lead. 

Thus, for standard gearing: 


Le = h cot + w = .125 cot 3° 26° + .250 
= 125 X 16.668 + 250 
= 2334 inches 


‘This answer is unsatisfactory, because a rather long end milling cutter 
would be necessary to cut the required rise. Although the standard driv- 
ing mechanism is rated to cut a minimum lead of 2¥4 inches, a shorter 
Jead can be cut if the hand feed is used. The minimum lead is obtained 
by using the smallest available gears as driven gears and the largest 
available gears as driving gears. 


Driven Gears _ _ _ Lead to Be Cut 
Driving Gears ` Lead of Milling Machine 


Lead to Be Cut = Lead of Milling Machine x Driven Gears 
Driving Gears 

17x18 

OX 55x 60 


Lead to Be Cut = 927 inch 
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With this lead, the angle of inclination and the length of flute on the 
milling cutter become: 


н _ 250 
sing = j = E 
iege 


Le = h eot i+ w = 125 cot 9° 19' + 250 
125 X 6.0055 + 250 


Le = 1012 inches 


This answer is satisfactory since the length of flute on the end milling 
cutter required to cut the eam rise is only slightly more than 1 inch. 


Cam Milling—Incremental Cut Method 

Most cams are cut by means of the ineremental cut method. The cam 
blank is indexed a very small inerement, and the table is moved a small 
increment. By making such numerous and fine incremental movements 
the profile is developed. The eam is then finished by hand filing, hand 
honing, or hand polishing the small ridges that are left by the incre- 
mental cuts. 

The size of the ridges is determined by the number of increments used 
to cut the profile and the relationship between the cutter diameter, the 
angle indexed per inerement, and the distance from the eam center. This 
relationship can be seen in a greatly exaggerated form in Fig. 9-23. The 
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Fig 9-23. Greatly exaggerated geometric relation between the center distance of 
"he cam profile, height of ridges, and angular indexing. 
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Fig. 9-24, Radial eam with cam rise arranged in a geometric progression 


height of each ridge produced, e, increases as the distance from the cam 
center, R, is inereased, as the angle indexed, c, is increased, and as the 
radius of the milling used, r, is decreased. No firm rule can be given rc- 
garding the best combination of these variables. Each job must be 
analyzed and an estimate made of the combination that will most effec- 
tively do (ће job. 

An example of the incremental cut method of cam milling is the cam 
illustrated in Fig. 9-24. Figure 9-25 shows the setup for milling this cam. 
‘The cam rise here is 534 inch in an angle of 180 degrees. During this 
interval the cam rise, which is to be in accordance with a geometrie pro- 
gression, requires a 3-degree angular displacement in relation to the radial 
distance from the cam center for each index. Sixty indexes are, therefore, 
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required to complete the cam profile. The rise required for each 3-dogree 
angular displacement has been calculated and tabulated in Table 9-1 
‘The cam blank has a 34-inch diameter construction hole, as in Fig, 9-24, 
which is used to locate cam contour. The distance between the center of 
the cam and the periphery of the cutter must be kept within 2281 and 
2284 inches (Fig. 9-24) 

The milling machine is set up by 
attachment and tramming the spindle of 


mounting 
is attachn 


be vertical milling 
nt until it is per- 
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Table 9-1. Micrometer Dial Adjustment for Each Increment in Milling Cam 


Setting | Dial Adjustment | Setting | Dial Adjustment 
Start 3 0817 
1 32 0871 
2 зз 
3 34 
4 35 
5 36 
6 
7 зв 
8 39 
9 40 
10 41 
m E 
n 43 
13 4 
14 45 
15 46 
16 ат 
17 48 
18 49 
19 
51 
21 52 
22 53 
23 ы 
2 55 
25 56 
26 37 
27 58 
28 E] 
20 60 
30 


pum 


pendicular to the top of the table. A 1-inch diameter aligning bar is placed 
in the spindle and a dial test indicator is attached to this bar. With the 
knee clamped to the column of the milling machine, the tabletop is indi- 
cated by rotating the spindle. Better results can usually be obtained by 
indicating over matehed parallels that are placed on the table. When the 
indicator reading is the same in all positions, the spindle must be vertical 
with respect to the tabletop. 

The dividing head can now be mounted on the tabletop and an inde- 
pendent jaw chuck attached to its spindle. The dividing head is positioned 
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with its spindle vertical, as shown in Fig. 9-25. A 1-inch diameter aligning 
bar is then chucked in the dividing head. The indicator attached to the 
vertical head is used to true the aligning bar held in the chuck while the 
chuck is rotated. The vertical alignment of the dividing head is then 
checked by indicating the aligning bar in the chuck while the knee is 
traversed up and down. Any vertical misalignment is corrected. Next, the 
axes of the vertical attachment and the dividing head are made to coincide 
by indicating around the aligning bar that is held in the chuck. The dial 
test indicator ean then be removed. When in this position, the table сап 
be moved in the longitudinal direction to eut the cam; however, it should 
be locked in the transverse direction and not moved in this direction until 
the job is completed. 

There are several methods of positioning the table for cutting the cam. 
If the milling machine is equipped to handle precision end measuring 


Fig. 9-26. Method of aligning the spindle of the dividing head with the spindle of 
‘the machine preliminary to milling the radial eam. 
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rods, these сап be used. On ordinary milling machines the feed screw 
should not be relied upon to move the table to an accuracy of 003 inch in 
а distance of about 2% inches. When moving shorter distances, however, 
an accuracy of about 001 inch сап be relied upon if the machine is in good 
condition. One method that can be used on ordinary milling machines will 
now be described. 

The cam is cut from an initial zero reference position and this position 
must now be established. This ean be done by measuring over the align- 
ment bars with vernier calipers or with a micrometer caliper as shown in 
Fig, 9-26. One alignment bar is placed in the milling-machine spindle, 
and the second alignment bar is on the dividing head. First the distance q 
must be determined, Measure the diameter of the milling eutter with 
mierometer calipers by placing pieces of good notebook paper between the 
teeth of the milling cutter and the two contact surfaces of the micrometer. 
The combined thickness of the two strips of paper must be subtracted 
from the micrometer reading in order to obtain the true diameter of the 
cutter, Assume that in this ease the milling cutter is exactly 3.500 inches 
in diameter. From Fig. 9-24, the dimension of the low point on the cam, 
which is now considered the reference dimension, is 2.284 max. and 2.281 
min. The distance q and the measurement over the l-inch aligning bars P 
(see Fig. 9-26) are then calculated as follows: 


q max = 2284 + 1.750 = 4034 inches 
q min = 2281 + 1.750 = 4031 inches 

р max = 4.034 + 500 + 500 = 5.034 inches 
р min = 4031 + 500 + 500 = 5031 inches 


The table is then moved by using the longitudinal hand feed until the 
micrometer reading shows that the two aligning bars are the correct dis- 
tance apart, as seen in Fig. 9-26. This position must be obtained by feed- 
ing the table from right to left when the position of the dividing head and 
the vertical milling attachment is as shown in Fig. 9-25. In this manner 
the lost motion in the feed serew and feed screw nut will not affect the 
table settings when the cam is cut. When the table has been positioned as 
described, the longitudinal feed serew micrometer dial at the end of the 
table is set to read zero. Thus, it is always easy to return to this zero ref- 
erence position. 

Now the aligning bar сап be removed from the dividing head, and the 
cam blank сап be inserted in the chuck. The cam blank is then centered 
in the ehuck by indicating its outside diameter with a dial test indicator 
that ean be attached to the aligning bar in the vertical attachment spindle. 
This indicator is also used to align the -inch construction hole in the 
cam blank. A 14-inch pin is inserted in the construction hole with a light 
press fit. By adjusting the table longitudinally and by rotating the divid- 
ing head, the pin is indicated until it is in perfect alignment with the 
spindle. The cam blank is now in the correct position for the first eut- 
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‘The 3%4-inch shell end mill is placed in the spindle of the vertical mill- 
ing attachment, and the machine is set up for the correct cutting speed. 
After the table is moved away from the zero reference position, it is raised 
to bring the cutter in the position shown in Fig. 9-25. The first cut is now 
taken by feeding the cam toward the cutter using the hand longitudinal 
feed. The cam is fed into the cutter until the micrometer dial reaches the 
zero reading that was established by measuring over the aligning bars. 
The cam blank is now moved away from the cutter, and the dividing 
head is indexed 3 degrees. The table is then moved longitudinally to move 
the cam blank into the cutter until the micrometer dial reading is 004 
less than the zero reading. This value is obtained from Table 9-1, which 
lists the distances from the zero position for each step. Each increment 
is then cut by indexing the dividing head 3 degrees and feeding the cam 
blank into the cutter, stopping short of the zero setting by the distance 
specified in the table. If a large amount of stock must be removed from 
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the cam, a rough cut should first be taken to remove the bulk of the 
metal so that a small amount of stock is left for finishing 

A similar procedure is used to finish grind the hardened cam shown in 
Fig. 9-27. The cam surface is produced by an incremental setting in the 
vertical direction for each degree indexed. The cut is taken by feeding the 
table longitudinally with a rapid power feed. 

‘The face cam in Fig. 9-28 is cut with a combination of methods used 
This eam has a uniform rise portion which is milled with the high-and-low 
lead attachment in a manner similar to milling a helix. The dwell portion 
of the eam is eut by turning the саш blank manually with the index crank 
while the table is in the stop position. The method for cutting the drum 
cam, shown in Fig. 9-29, is similar to the method for cutting the face cam. 
The uniform rise portion of the drum cam can be cut by helical milling 
Complex contours can be cut in both face cams and drum cams by means 
of the ineremental method. The best procedure is to rough out the channel, 
leaving about 42 to е stock on each side. A two-futed end milling 
cutter with a diameter equal to the width of the channel is used to finish 
the cam. The incremental movements are made by rotating the workpiece 


oerte of Cincinnati Micron 


Fig 228 Setup for milling a face cam. 
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Fig. 99 Setup for mili 


with the dividing head and feeding the table longitudinally. The cutter is 
fed into the work during each inerement with the vertical feed. The cams 
are then finished by hand methods 


chapter 10 


The Horizontal Boring Machine 


The horizontal boring machine is used to machine holes and plane sur- 
faces primarily on larger workpieces. It is especially indispensable for 
hining large castings and weldments. Figure 10-1 shows a horizontal 
ig machine with the large table surface area available for the clamp- 
ig of workpieces. Horizontal boring machines are interesting and chal- 
lenging to operate b of the variety of different workpieces that can 


Are sometimes called horisontal boring mila or horisontal boring, 
drilling, and milling machines. 


сеш of the Giddings & Lewis Machine Tost Company 


Fig 10-1. A horizontal boring machine machining a horizontal boring 
machine headstock. 
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Fig. 10-2 Line boring a weldment on a horizontal boring machine. 


Horizontal Boring-Machine Construction 

There are three basic types of horizontal boring machines: the table 
type, the planer type, and the floor type. A table-type horizontal boring 
mill is shown in Figs. 10-1 and 10-2. The principal parts of the table-type 
horizontal boring machine are the base or runway, the saddle, the table, 
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the end support column, the headstock column, the headstock, and the 
spindle. The base, or runway, has precision machined slides or ways on 
which the saddle slides parallel to the spindle. The saddle carries the table, 
which сап slide perpendicular to the axis of the spindle. The headstock 
column is firmly bolted to the bed. It has ways machined on its face upon 
which the headstock slides and against which the headstock can be 
clamped in position. The headstock is raised and lowered on the column 
by an elevating serew. Counterweights inside of the headstock column 
are attached to the headstock by chains to reduce the work required in 
raising and lowering the headstock. Cuts can be taken with the face mill- 
ing cutter by feeding the headstock vertically as well as with the two 
directions of the table feed. The spindle has a holding type of internal 
taper which is used to hold boring bars and other tools. Two key slots, 
shown in Fig. 10-3, intersect the spindle taper. One key slot is provided 
for the insertion of a draw key, which draws the tools firmly into the 
boring bar and prevents their accidental release. The other key slot at the 
end is provided for the insertion of a cross key, which drives the tools 
through their tang. Drift pins or drift keys are also placed in the end key 
slots in order to drive the tools loose from the taper. The drift pins are 
struck sharply with the hammer to release the tools. The spindle can be 
moved in and out of the headstock manually or hy power feed, or it сап 
be clamped in place. Long boring bars, called line boring bars, must be 
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Fig. 10-3. Method of holding boring bars and other tools іп a horizontal 
boring machine spindle 
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supported in their outer end in a bushing which is held on the end support 
column. A line boring bar supported in an end support bushing is shown 
in Fig. 10-2. Here holes are being bored in a large weldment, 

‘The table of the planer-type horizontal boring machine can move in 
only one direction: perpendicular to the axis of the spindle. The headstock 
column is mounted on a slide upon which the entire column and head- 
stock can be set in motion parallel to the spindle axis. When cutting, how- 
ever, the feed parallel to the axis of the spindle is made by feeding the 
spindle. The end support column is mounted on a slide on the side of the 
table opposite the headstock column. The planer-type horizontal mill is 
designed to provide exceptional rigidity in machining long heavy work- 
pieces. 

Floor-type horizontal boring machines are designed to machine work- 
pieces so large and heavy that it would not be practical to handle them on 
а table. The headstock column is mounted on a slide which provides a 
feeding movement perpendicular to the axis of the spindle. The spindle 
feed provides the second feeding direction, while the vertical feed of the 
headstock is the same as with all horizontal boring machines. Heavy floor 
plates upon which the workpieces are clamped are embedded in a fixed 
position in the foundation of the machine. 


Setting Up the Workpiece 

An important step, and the first step, in horizontal boring machine work 
is to set up the machine correctly. It must be set up so that the surfaces 
to be machined will clean up and will have the correct dimensional rela- 
tionship to the other surfaces on the workpiece. The setup, of course, 
should be planned in advance. 

The nature of the surfaces on the workpiece that are available for 
aligning it on the table of the horizontal boring machine table should 


Fig, 10-4. A. Checking the ai 
dial test indicator. B. Checking the alignment parallel to the axis of the spindle with 
a dial test indicator 


Ch. 10 THE HORIZONTAL BORING MACHINE 305 


bbe understood. The best surfaces are айк: 
chined in a previous operation, because machined surfaces form accurate 
seating surfaces for placing the workpiece on the table or on parallel bars. 
Precise measuring tools such as precision squares, protractors, and dial 
indicators can be used against a machined surface to align the part, For 
example, a dial test indicator ean be used against a machined surface to 
align it parallel or perpendicular with respect to the spindle, as shown in 
Fig. 10-4. The workpiece can be aligned by the finished surfaces of a 
bored hole by indicating lengthwise along the surfaces of the bore. The 
spindle сап be aligned on the axis of the bore by indicating around the 
circumference of the bore as shown in Fig. 10-5. А finished surface can be 
placed against a slot block, as in Fig. 10-6, in order to align it parallel to 
the T-slots of the table. 

Unfinished surfaces that are rough cannot be used in the same manner 
to align the workpiece as finished surfaces; yet, it is frequently necessary 
to use rough surfaces. Of course, if there is a choice, machined surfaces 
are always preferred. The tools used to measure and align rough surfaces 
should, if possible, average out the errors on these surfaces. For example, 
the bent point of a surface gage can be used to test an unmachined surface 
Хог parallelism with the tabletop. The surface gage is placed on the table 
ог on a parallel bar, and the bent point is moved around over the top of 


nct 


сеет of the диди а Lewie Machine Tool Company 
Fig. 10-5. Aligning the spindle with а finish machined bore using а dial tet indicator. 
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Courte of the digi & Lewis Machine Te Company 
Fig 10-6, Using a slot block placed in T-siot to align workpiece with the Toot 


the unmachined surface of the workpiece. High and low spots can be 
detected by feel and the workpiece positioned until it is as level as pos- 
sible, This could not be done using a dial test indicator over the rough 
surface because the unevenness would cause the hand to jiggle so much 
that по readings would be certain. A good combination square or an 
equivalent tool should be used on rough surfaces, such as castings, instead 
of a precision machinist's square. In most instances it is best to make a 
layout on rough workpieces before they are brought to the horizontal 
boring machine for machining. 

The most difficult setup to make on any machine tool, including a hori- 
zontal boring machine, is the setup for the first machining operation of a 
casting, forging, or weldment on which no previous machining operations 
have been performed, and hence with all the surfaces rough. In such cases 
the layout greatly simplifies the procedure of setting the part up. Figures. 
10-7 and 10-8 illustrate the method for setting up a rough casting from 
layout lines. These layout lines have identified the center of the casting 
and the center of the bore. The casting is to be set up to machine the 
raised surfaces, or pads, on the base with a face milling cutter. Placed on 
its side as shown in Fig. 10-7, the casting is first positioned to lie parallel 
to the table feed direction with the pads overhanging the side of the table 
enough to allow the cutter to clear the table when milling the pads. The 
T-slots of the table, which are accurately machined parallel to the direc- 
tion of the table feed, сап be used as reference surfaces. In this case a 
measurement is made with a rule from the edge of the T-slot to the ver- 
tical layout or setup line (view A, Fig. 10-7). This measurement is made 
at each end of the workpiece and when it is equal at each end, the work- 
piece is aligned with the direetion of the table travel. 

‘The next step in making this setup is to level the casting. This procedure 
is illustrated at Fig. 10-7. The distance of the horizontal layout line from 
the top of the table is checked at a number of positions by bringing the 
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SETUP LINES. 


селе of he Cline & Lewis Machine Тод Company 


Fig. 10-7. Using setup lines to align a workpiece upon which no previous operations 
"have been performed 
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Fig. 10-10. Face milling on а large planer-type horizontal boring machine. 


scriber point of the surface gage up to the layout line. If necessary, shims 
are used to lift the casting until it is level. The casting is level when the 
scriber point can touch the layout line in any position without disturbing. 
the adjustment of the surface gage. All of the settings should be rechecked, 
and then the casting is clamped in place. As a precautionary measure, а 
final check of the alignment should be made after the casting has been 
clamped in position. The face milling cutter is set in position to take the 
cut by measuring from the layout line to the face of the cutter with a 
combination square, as shown at В, Fig. 10-7. 

After the pads have been face milled, the clamps are removed from the 
casting and the table is cleaned up in preparation for the second opera- 
tion. This will be line boring of the two bores with a line-boring bar. The 
line-boring bar is held in the bushing in the support column—but not in 
the spindle—so that the workpiece can be placed on the table without 
interference from the boring bar. The workpiece is placed on the table 
with the previously machined pads against the surface of the table, as 
shown in Fig. 10-8, The line-boring bar is then pulled through the cored 
holes in the casting and fastened in the spindle of the horizontal boring 
machine, The casting is aligned parallel with the line boring bar by 
placing a square against the side of the boring bar and measuring the dis- 
tance from the side of the square to the vertical layout line at the end of 
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the workpiece, as seen in Fig. 10-8, This must be done at each end of the 
workpiece, and the square must be placed on the same side of the boring 
bar at each end. When the measurement from the square to the layout 
line is the same at each end, the workpiece is parallel to the boring bar 
and сап be clamped in place in this position. 

‘The table is then moved until the boring bar is in the center of the 
cored hole. This is checked by placing a square against the side of the 
boring bar and measuring the distance from the square to the layout line 
аз before; however, in this ease the square is placed against the two 
opposite sides of the boring bar and the measurement need only be made 
at one end of the workpiece. After the boring bar has been positioned 
laterally in the center of the cored holes of the casting, it is positioned 
so that its axis will coincide with the axis of the cored hole by raising or 
lowering it as required. The vertical position of the boring bar is obtained 
in some instances by measuring from the top and bottom of the boring. 
bar to the top and bottom sides of the eored hole, respeetively, or by 
measuring to layout lines made adjacent to the cored hole to define its 
position when it is machined. More frequently, the vertical position of the 
boring bar is determined by finding the dimension from the finished sur- 
faces of the pads to the axis of the finished holes. In this ease the position 


Courter of The New Britain Machine Company—Lucas Machine Diii. 


Fig 10-11. Line boring а blower housing using a boring head mounted on 
‘the boring bar: 
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of the boring bar is obtained by a measurement taken from the top of the 
table to the boring bar. This can be done by adding one-half of the di- 
ameter of the boring bar to the required measurement and measuring over 
the top of the bar with the aid of a dial test indicator. With the line- 
boring bar in position the two holes can now be bored to size. 


Horizontal Boring Machine Work 

‘The horizontal boring machine is adaptable to machining surfaces and 
holes on many different sizes and shapes of workpieces. As already stated, 
these workpieces are often too large to be machined on most other machine 
tools. A few of the many types of jobs done on the horizontal boring 
machine are shown in Figs. 10-9 through 10-15. 

‘The horizontal boring machine in Fig. 10-9 is equipped with a posi 
tional readout measuring system that displays the exact position of the 
table and the spindle relative to a reference position. The table and 
spindle positions are displayed by the digits that appear on the cabinet 
behind the operator. The workpiece, which is a large shaft, is placed on а 
circular table that can be rotated 360 degrees to enable machining opera- 
tions to be performed on both sides of the shaft. One end of the shaft is 
clamped on two parallel blocks which are of such size that the axis of the 
shaft is level. An angle plate at this end of the shaft helps to position it 
so that its axis is parallel to the T-slots of the circular table. This setup 
allows the side of the shaft viewed by the camera in this illustration to be 
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free from obstructions along а large portion of its length so that the 
machining operations сап be performed on these surfaces without inter- 
ference. In the drilling operation of Fig. 10-9 the drill is fed into the shaft 
by the spindle feed. A dial test indicator, which is mounted on a magnetie 
base, is positioned against the side of the shaft as shown in order to make 
certain that the shaft is not moved by the drill thrust or other cutting 
forces. The dial test indicator is not needed when the circular table has 
been rotated around for the other side to be machined since the angle 
plate then prevents the shaft from moving 

‘A large planer-type horizontal boring machine in Fig. 10-10 is shown 
performing а face milling operation. The workpieces are clamped to a 
large angle plate which is mounted onto the table of the machine. The 
large diameter of the spindle permits а heavy milling cut to be taken even 
though the spindle is extended so that the eutter ean reach the workpiece. 
‘The spindle rotates inside the large quill extended from the headstock. 

А large rotary blower housing is shown being bored in Fig. 10-11. The 
line-boring bar is placed in the spindle and supported at the opposite 


Comte of the Giddings & Lewin Machine Tost Company 
Fig 10-18. Using a jack block to block a workpiece. 
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end by the end of the support column. A boring head is clamped to the 
boring bar upon whieh one or two single-point boring tools can be 
fastened. The job actually consists of boring approximately half of the 
two adjacent holes. Two rotors with conjugate surfaces are mounted side 
by side in the finished bore. The blower housing is clamped in place with 
strap clamps. Hardwood blocks are used as heel blocks; and bracing 
jacks, or serew jacks, are placed inside extension tubes below the clamps, 
On yobs like this the table feed should be used instead of the spindle or 
bar feed. Long boring bars such as the one shown deflect downward some- 
what because of their own weight. If the lengthwise position of these bars 
is changed significantly, the amount of deflection will change and result 
їп an error in the position of the bore. If the length of the bore is large, the 
table feed should also be used because the table can fecd a greater dis- 
tance than the spindle. 

Holes shorter in length are bored with stub-boring bars, as shown in 
Fig. 10-12. The boring too! may be fed through the hole by using either the 
table feed or the spindle feed. Usually the table fced is preferred, as the 


Fie 10-14 The continuous feed facing head cam be used to feed the cutting too! toward 
the center of the part while ıt is rotating Simultaneously а boring cut is taken using 
he spindie feed of the machine 
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Courter ofthe а Lenis Machine Төн Company 


Fig. 10-13. Using the continuous facing head to tura an outside diameter 
“while amultapeously bonae 


deflection of the boring bar will not vary by being extended farther at the 
end of the cut than at the start of the cut. The workpiece is clamped in 
place with a large strap clamp on top and jack blocks in front. The method 
of using jack blocks is shown in Fig. 10-13. 

A continuous feed facing head is shown in Figs 10-14 and 10-15. A 
single-point cutting tool mounted in the head can be rotated and at the 
same time continuously fed toward the center of rotation in order to take 


rotating, which is done to cut a face inside a large bore. In Fig. 10-14 a 
boring cut is taken by feeding the offset boring tool with the spindle feed 
while simultaneously taking the facing cut with the continuous feed facing 
head. This head сап also be used to take a turning cut, as shown in 
Fig. 10-15. The radial infeed of the facing head is used to adjust the single- 
point tool to the proper depth of cut. A boring cut and a turning cut are 
being taken simultaneously in Fig. 10-15 by using the saddle feed, 
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One of the most useful horizontal boring mill attachments is the large 
rotary table, such as shown in Figs. 10-9, 10-11, and 10-16. Many different 
surfaces around the workpiece сап be machined in a single setup on the 
rotary table by indexing the table to bring these surfaces opposite t 
nachine spindle; holes running in different directions ean be machined in 
а like manner. As an example, the elevator housing casting shown in Fig. 
10-16 has surfaces and holes on four sides that are machined in a single 
setup. Obviously, both time and effort are saved in this way by reducing 
the number of setups required 

‘Two or more holes that arc not in close proximity must sometimes be 
machined to produce a common axis. When these holes are large enough 
to allow passage of a long boring bar, they can be machined most ace 
rately and conveniently by line boring, illustrated in Fig. 10-16, The boring 
bar passes through all of the holes to be machined and is supported at each 
end; additional intermediate supports are sometimes provided. Single- 
point boring tools are clamped in the boring bar at different lengthwise 
positions for boring the holes to size. This method is recommended and 
should be used whenever possible. 

There are some jobs, however, where this method cannot be used; be- 
cause the holes are frequently not large enough or are во far apart that а 

e line boring bar of suficient size an rigidity cannot be used. When 

this occurs other methods must be. d one of these is illustrated 
in Fig, 10-17. The workpiece is clamped to a rotary table and is aligned 
so that the common axis of the two holes to be machined passes through 
the center of the rotary table; ie., the workpiece is set up in such a way 


Fig, 10-16, Machining all surfaces on four sides of the casting by indexing it witli a 
rotary table. Operation shown is line boring the bearing holes. 
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Fig 10-17, Using а rotary tal 
large distance apart and hs 


Fig. 10-18. Method of aligning aves of machine spindle and rotary table by use of 
des finder. 
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that the axes of the two holes and that of the rotary table interscet. The 
table of the horizontal boring machine must then be positioned so that 
the axis of the machine spindle and that of the rotary table also intersect, 
and the spindle is raised to the required height for machining the holes 
Each hole is then separately machined; one hole is first machined to size 
and the rotary table is then indexed 180 degrees for the second hole to be 
machined to site, Boring operations in these holes are performed by a stub 
boring bar, as shown in Fig. 10-17. Holes parallel to the first set can be 
machined by moving the machine table to an offset position. If the holes 
are on opposite sides and must, like the first pair of holes, have а common 
axis, the machine table offset will have to be made in opposite directions 
when the rotary table is indexed 180 degrees. 

For smaller workpieces this method can also be used on a milling ma 
chine, or on a jig borer by mounting the rotary table on an angle plate, 

An essential requirement of this method of machining holes having a 
common axis is to position the machine table so that the axis of rotation 
of the rotary table will interscet the axis of the machine spindle, There 
are several methods by which this can be donc, ane of which is demon- 
strated in Fig. 10-18. A centering pin is placed in the centering hole of the 
rotary table and an edge finder is chucked in the machine spindle, With 
the spindle rotating and the contact cylinder offset so that it wobbles, the 
machine table is moved bringing the contact cylinder against the centering 
pin; when the contact eylinder ceases to wobble, the machine table move. 
ment is stopped. From this position the table is moved a distance equal 
to one-half of the sum of the diameters of the contact e 
pin, whieh will result in the required al 
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Grinding Wheels 


‘The grinding wheel is а cutting tool which utilizes а multitude of abrasive 
particles ав cutting edges. These abrasive particles are held together in 
the general shape of a dise by a bonding material to form the grinding 
wheel, On the surface of the wheel abrasive particles form many very 
small chips which in their sum total ean represent a significant rate of 
metal removal. A representative group of grinding wheels used in the 
machine shop is shown in Fig. 11-1. 

Grinding wheels are used for many purposes, which include snag grind- 
img of castings in foundries and billets of steel in steel mills, hand 


Courteny of Cincinnati Milneron 
Fig. 11-1. Variety of typical grinding wheel shapes and sizes. 
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grinding of welds, and serving as cut-off wheels to make saw cuts in metal 
parts. In the machine shop, however, grinding wheels are used primarily 
оп machines. These machines сап be precision grinding machines which 
эге used to grind tools and machine parts to close dimensional tolerances, 
or they ean be pedestal grinders which are used to hand-grind single-poi 
cutting tools. One advantage of the grinding process is that workpieces 
that are too hard to machine by other methods сап be ground to a re- 
quired shape and an accurate size. Precision grinding machines, in add 
tion to producing close dimensional tolerances on soft or hardened metals, 
also produce an excellent finish on the surface of the work. 


Abrasives 

For several thousand years abrasives have been used to shape materials 
and to produce keen cutting edges. Sandstone is a natural abrasive which 
is used to this day. For many centuries sandstone grinding wheels were 
used to sharpen cutlery, tools, agricultural implements, and weapons. 

ery and corundum are also natural minerals, which are harder and 
have a better abrasive action than sandstone. Corundum and emery both 
consist of variable size erystals of aluminum oxide. Emery contains а 
considerable amount of iron oxide and other impurities, Corundum also 
contains impurities. The first m wheels were made from 
these materials during the teenth century. The term 
emery wheel is still synonymous with grinding whee), although grinding 
wheels made from natural abrasives have been replaced by artificial 
abrasive wheels because the natural abrasives have nonuniform properties. 

All modern abrasives used in making grinding wlwels are man-made, 
except for natural industrial diamonds. The manmade abmsives are 
aluminum oxide, silicon carbide, synthetic diamonds, and eubie boron 
nitride: the latter is available under the trade name, Rorazon@ . An 
important property of an abrasive is its hardness, or its ability of resis- 
tance to penetration. The Knoop hardness values of abrasives used in 
grinding, honing, and lapping are given below, with the hardness value of 


hardened too! steel, the last items, ineluded for compariso 
Diamond 7000 
Cubic Boron Nitride 4700 
Silicon Carbide 2480 
Aluminum Oxide 2050 
Hardened Tool Steel (60 HRC) 740 


‘On the majority of grinding wheels, aluminum oxide or silicon carbide is 
used as the abrasive. Aluminum oxide abrasives are recommended for 
grinding high tensile strength material. Both hardened and unhardened 
plain carbon steels, alloy steels, and tool steels should be ground with 
aluminum oxide grinding wheels. Other materiale that are ground with 
aluminum oxide wheels are: ferritie and pearlitic malleable iron, certain 
titanium alloys, high-temperature alloys. and martensitic and fcrritie 
stainless steels. Several diferent grades of aluminum oxide are manu- 
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fnctured: regular, white, modified, monorrystalline, mieroers»talline, and 
sintered. Each grade has certain unique properties making it more suitable 
for certain applications. For specifie recommendations, the grinding wheel 
manufacturers should be consulted. In addition to thee grades, alumina- 
zirconia grades are available; they are wed primarily for heavy duty 
grinding operations, such as snag grinding in foundries and stee) mills 

Silicon carbide abrasives are harder than aluminum oxide and the abra- 
sive grains are jagged and sharp. Vitrified silicon carbide grinding wheels 
are cooler cutting than comparable aluminum oxide wheels. In general, 
however, silicon carbide wheels should not be used for grinding steel, As 
an exception, however, vitrified bonded black silicon carbide wheels hav- 
i à grain size of 240, or finer, can he recommended for finish grinding 
the cutting edges on high-speed-stecl cutting tools. The cool cutting action 
of these wheels reduces the tendency to damage the cutting edges, and the 
sharp abrasive particles produce a keen cutting edge. Black silicon carbide 
wheels are recommended for grinding gray cast iron, austenitic stainless 
steel, copper alloys, certain high strength aluminum alloys, certain tita- 
nium alloys, many refractory materials, and rubber, stone, and marble. 
Another form of silicon carbide, green silicon carbide, is used to grind 
cemented carbides. 

The hardest known substance is the diamond, whether it is natural or 
synthetic. It ean penetrate all other materials. In precision grinding, 
diamonds are used for two purposes: 1. аз an abrasive on grinding wheels, 
and for honing and lapping; 2. to truc and dress grinding wheels, Cemented 
carbide, ceramic, and ceret eutting-tool materials should always be 
ground with a diamond grinding wheel; this is the principal field of appli- 
cation of these wheels. They аге not recommended for grinding steel. 

Симе boron nitride, or СВХ, is used to grind hardened plain carbon 
and alloy steels and certain high-temperature alloys, It is especially recom- 
mended for grinding all tool and die steels having a hardness of 50 Re, or 
harder. Highspeed-steel cutting tools, including those made from the 
difieult-to-grind types of high-speed steel, are ground with great efficiene 
using CBN grinding wheels on cutter and tool grinding machines. CB: 
grinding wheels are very eool-eutting and hold their size and shape excep- 
tionally weil. This allows heavier cuts to be taken without damage to the 
cutting edges. An amount equal to the infeed of the wheel will usually 
be removed from each cutting edge that is ground, resulting in a more 
precise and uniform geometry on the finished tool. CBN wheels used for 
tool grinding should have a somewhat finer grain size and they should he 
mounted accurately on the grinding spindle. It is most important to prop- 
erly condition the face of CBN grinding wheels by careful truing and 
dressing before they are used, CBN is not recommended for grinding 
cemented carbides and non-metallic materiale 


The Cutting Action of Abrasives 
‘The individual abrasive particles form very small chips which can vary 
n shape and size over a wide range. In rough snag grinding operations 
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the chips сап be relatively thick and wide, whereas in precision grinding 
operations they are usually thin and narrow. The speed of the abrasive 
particle when it is used on a grinding wheel is usually very great, being 
approximately 60 to 70 miles per hour for vitrified wheels. This speed 
crentes a very high temperature at the surface being ground, On the other 
hand, honing and lapping are abrasive operations whieh are conducted at 
low speeds and result in relatively low eutting temperatures, The advan- 
tage of the high speed of the grinding wheel is that the great number of 
chips formed in a short time result in а relatively high metal cutting, 
rate. The advantage of honing and lapping is their cool cutting action, 
‘The individual abrasive particle may act in different ways on the sur- 
face of the workpiece. The abrasive grain may simply plow through the 
surface of the work as shown in the upper view of Fig. 11-2. The metal is 
pushed aside, and some of it breaks off the work as a highly distorted 
particle. The abrasive particle сап also produce a chip їп а manner similar 
to the formation of a chip with a single-point tool, This is shown in the 


— M 


Fig. 11-2. Top 


lowing action of abrasive grain. Bottom: Chip formation action 
of abrasive grain 
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lower view in Fig. 11-2. The shape of the abrasive grains and the amount 
of interference between the work surface and the grain largely determine 
if cutting or plowing takes place. Some of the abrasive grains will be 
jn such a position that no more than rubbing can take place, and no metal 
is removed. 

The chips produced by a grinding wheel are very hot. The temperature. 
at the grinding contact surface is not known exactly, but it may be as high 
аз 2,000 to 3,000 degrees Fahrenheit. When the chip leaves the workpiece 
it is surrounded by the atmosphere where it reacts with the oxygen to 
produce the characteristic sparks associated with grinding. In other words, 
the chips are ignited by the oxygen in the air and burn or oxidize, The 
grinding fluid, if used, will quench many of the sparks. The heat generated 
by the grinding action also increases the temperature of the surface of 
the metal significantly to a depth which can be as great as several thou- 
sandths of an inch. Stresses will be developed in the surface which are 
called residual stresses. The residual stresses in ground surfaces are tensile 
stresses and act like a rubber band stretched around the workpiece, When 
these stresses are large enough, they can cause the formation of cracks on 
the surface. They also reduce the strength of the workpiece when it is 
subjected to repetitive loads. Residual stresses can cause relatively thin 
parts to warp and to bend. 

‘The rapid heating and cooling of the surface of the workpiece can also 
cause it to be heat-treated—as though it were heated in a furnace and 
‘quenched, This causes a change in the structure of the metal on the sur- 
face and changes its properties. For example, the surface of hardened tool 
steel can be softened by this action; or it can be softened and immediately 
rehardened. A third type of injury to ground surfaces may be burn. Burn 
is recognizable by the visible discoloration caused by the extremely thin 
oxide film formed by the momentary exposure of the surface to the high 
temperature. The discoloration itself is not objectionable, except for its 
appearance, because the thickness of the oxidized layer is only a few 
millionths of an inch. The discoloration, however, is a visible indication 
that the surface below the oxide film has reached а high temperature and 
is probably damaged. 

Grinding wheel wear occurs for several reasons. One of the prime causes 
is the attrition of the abrasive particles as a result of chemi 
Chemical reactions between the abrasive and the work material can occur 
very rapidly at the high temperature produced while they arc in intimate 
contact as the abrasive is forming a chip or plowing through the work 
material surface. For example, at this high temperature, silicon carbide 
will react rapidly with the iron in steel to form iron carbide and certain 
silicon compounds, which is the reason silicon carbide grinding whecls 
el ao Foes т inel on сей See ишин oe mors гон, 
to such chemical attack by the iron in месі, aluminum oxide grin 
heels are generally recommended нев! for grinding моё. At he high 
temperature of grinding the abrasive may also react chemically with the 
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atmosphere, the coolants, or even the bond material that holds the wheel 
together. Attrition resulting from chemical reactions causes the abrasive 
particles to diminish somewhat in size; the sharp edges and sharp corners 
become rounded and thus the abrasive particles get dull. When this occurs 
extensively over the face of the wheel, the wheel is said to be glazed. 

Another cause of grinding-wheel wear is the impact force occurring when 
the abrasive particles strike the surface of the work. In precision grinding 
оп machine tools these forces are usually, but not altogether, small enough 
so that they have very litle effeet on tbe abrasive particle. In some ci 
cumstanees, however, the impact forces сап eause some of the abrasive 
particles to fracture and others to be torn from the surface of the wheel, 
While this results in wheel wear, it also exposes new, sharp edges and 
new, sharp abrasive particles on the wheel face. Ах an abrasive particle 
becomes more dull, the magnitude of the grinding forces will inercase, 
thereby increasing their tendency to fracture or to tear out the dull abr: 
sive particles from the wheel. The "ideal grinding wheel” was thought 
then to be self-sharpening by this action However, this usually occurs 
only to a very limited extent and grinding wheels must normally be sharp- 
ened from time to time, When this self-sharpening action does occur in 
precision grinding, the wheel will he too soft and it will not hold to size 
оп the part. In this event, the remedy would be to use a harder grinding 
wheel oF to change the grinding conditions so that it will act harder, Self- 
sharpening ean occur to a greater extent when off-hand grinding on a 
pedestal grinder or with a portable snag grinder. 

Loading is the name of the condition when chips of work material are 
trapped in the pores of the grinding wheel or when work material adheres 
to the abrasive particles on the face. While this does not cause grinding 
wheel wear in itself, it docs require wheel sharpening because a loaded 
wheel will not grind freely, if at all. Loading ean occur to some extent 
when grinding most materials; it is, however, much more prevalent when 
grinding soft materials, such as soft steel, brass, and aluminum. When. 
grinding oxidation-resistant materials such as stainless steel, the grinding 
chips do not readily burn in the atmosphere and some of them will weld 
to the surface of the workpiece. In order to prevent loading and rewekling, 
chemical grinding additives may be incorporated into the grinding wheel 
hond or be added afterwards, in which ease they fill the pores of the wheel 


Grain Size 

The size of the grains or particles of abrasives is expressed by the size 
of the sereen opening through which they are sifted. Such screens have a 
certain number of openings per linear inch. For example, a 46-mesh sereen 
has 46 openings per lineal inch, Grains which pass through this sereen and 
do not pass through the next finer sereen are classified as 46-grain size or 
46-grit size. The size of these grains is approximately 1/46 inch. The 
‘commercial grit sizes are given in Table 11-1. The most commonly used 
grit sizes for cylindrical and surface grinding range from 36 to 100. For 
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Table 11-1. Commercial Abrasive Grit Sizes 


Course Range Medium Range Fine Range 
Im" w w 120 280 
8 6 FEE mo mn 

0 æ d w ı0 400 
оз ы 10 20 ж 
f0 зю am 


tool and cutter grinding this range is 36 to 120, although sometimes grit 
sizes as small as 320 are used to obtain a fine finish on a cutting edge. 


The Bonding Materials 

The types of bonds used in making grinding wheels are called vitrified, 
resinoid, rubber, shellae, silicate, and oxychloride. The function of the 
bond is to hold the abrasive particles in place and to allow them to break 
away after they have become dull. A brief deseription of the various bonds. 
follows: 

Vitrified. Bonds made from vitrified clay are called vitrified bonds. 
About 75 percent of the grinding wheels manufactured are vitrified grind- 
ing wheels, The bond material consists of feldspar and clays. After meas- 
ured amounts of bond and abrasive have been mixed together, they are 
Dressed to shape and fired in a kiln. The vitrified wheels have high 
strength and good porosity whieh exposes many abrasive particles and 
provides a chip space. The rigidity and strength of the vitrified bond helps 
in attaining precise dimensions on the parts being ground. The vitrified 
bond is unaffected by water, acid, oils, and ordinary temperature 
Variations 

Resinoid. Resinoid-bonded wheels are made from a mixture of abrasive 
particles, synthetic resins, and a plasticisor. Molded either hot or cold 
and then baked in an electric oven, resinoid-bonded wheels are very strong, 
and can withstand rough usage. They are, therefore, used extensively in 
foundries, steel mills, and in welding shops. Some large diameter cut-off 
‘wheels are resinoid bonded. In the machine shop resinoid-bonded diamond 
wheels are extensively used to grind ecmented-carbide and ceramic cutting 
tools. They are also used in the machine shop for grinding threads and for 
other operations requiring an accurate wheel shape. 

Rubber. Rubber-bonded wheels are used for snag grinding wheels in 
foundries, welding shops, and steel mills because of their strength. Cut-off 
wheels are also made with a rubber bond. In the machine shop the prin- 
cipal use for rubber-bonded wheels is to make regulating wheels for 
centerless grinding machines. 

‘Shellac. Shellac grinding wheels are cool cutting and produce an ex- 
cellent surface finish on steel. They are used to grind erankshafts, cam- 
shafts, paper mill rolls, etc. They are also used to grind the cutting edges. 
оп knives because they will not overheat the workpiece when properly 
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used. Shellae-bonded wheels are recommended for grinding hardened tool 
steels and thin sections that are apt to overhe: 

Silicate, Silicate-bonded wheels are made from sodium silicate, com- 
monly known as "water glass.” This bond releases the abrasive grains 
readily whieh gives the wheel a mild and cool cutting action. They are 
used in shops where rather large slow-speed wheels are used to grind fine 
cutting edges on cutlery and on edged tools. 

Ozyehloride, The oxychloride bond is made from а mixture of mag- 
nesium oxide and magnesium chloride. It is considered to be a very cool 
cutting bond and is sometimes used on large dise grinding wheels. Because 
most grinding fluids attack this bond, the wheel is always used dry 

Metal, Although metal is not normally considered as a bonding material, 
it is used extensively as а bond for diamond wheels. Diamond wheels are 
commercially made with three types of bonds: metal, resinoid, and 
vitrified. Metal-bonded diamond wheels are usually made in two parts. 
‘The center or body of the whee! is made from plastie, steel, or bronze, and 
the portion of the wheel holding the diamond particles is usually made 
from bronze. 


Grade 

The grade of a grinding wheel refers to the degree of strength with 
which the bond holds the abrasive particle in place. Actually the strength 
of the bonding material does not vary; it is usually quite uniform. The 
amount of the bonding material surrounding each abrasive particle and 
filling the space between the particles can be varied to alter the firmness 
with which the abrasive particle is held in place. The bond forms a series 
of “posts” between each abrasive particle which holds the particles in 
place as shown in Fig. 11-3. If is used, the bonding. 
posts will be weak and the grinding wheel will be designated as a soft 
wheel. Increasing the amount of bonding material strengthens the bonding 
posts so that the abrasive will be held more firmly in place, and the wheel 


'Posts” of bonding material hold the grains of a grinding wheel in place and 
determine its hardness or grade. From КА to right are weak posts, medium posts, 
and strong posts 
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will be designated as а medium wheel. If still more bonding material is 
used, the bonding posts will be further strengthened and the wheel will 
be classified as a hard wheel. The grade of grinding wheels is designated 
by capital letters, starting with A as the softest wheel and ending with Z 
as the hardest wheel, The majority of the wheels used for precision grind- 
ing on machine tools will have a grade ranging between F and N. Rough- 
grinding and snag-grinding wheels usually range in grade from M to Z. 


Structure 

The strueture of a grinding wheel refers to the spacing of the abrasive. 
particles. An open strueture, as їп Fig. 11-4, provides ample space between 
adjacent abrasive particles for the ehip formed in grinding to clear itself 
from the wheel. An open spacing also provides fewer abrasive particles for 
each unit area (say each square inch) on the face of the wheel. Since 
there аге fewer abrasive particles, each particle in contact with the work 
will exert a greater pressure on the workpiece, thus penetrating more 
deeply and removing a larger chip. Open wheels will tend to eut freely. 
However, because of there being fewer particles, such wheels will not 
produce as smooth a surface finish on the workpiece. A denser spacing will 
provide more abrasive particles per unit area of wheel face. Then, because 
the load between the work and the wheel will be earried by more abrasive 
particles, the pressure on each particle will be less and it will not penetrate 
as deeply into the surface of the work. Thus, the chip formed will be 
smaller. In order for the abrasives in the denser structure to penetrate as 
deeply as in the more open structure, a greater force must be exerted 
between the work and the wheel—which is usually undesirable since it 
will generate more heat and increase the temperature of the ground sur- 
face. The denser structure has an advantage in that it generally produces. 
ап improved surface finish on the workpiece. The structure of a grinding, 
wheel is designated from 1 to 15, 1 being a dense structure and 15 being an 
open structure. The basis of the selection of a structure is to find the best 
compromise between the surface finish produced and the free cutting 
ability of the wheel. In some eases only one structure, which is determined 
by the grinding wheel manufacturer, is available for certain grinding 
wheels, while in other cases several structures may be available from 
which a choice can be made. 


Grinding Whee! Marking 

Aluminum-oxide and silicon-earbide grinding wheels are marked in a 
somewhat uniform manner by all grinding wheel manufacturers, Although 
there are some differences in the markings, all manufacturers follow the 
basie pattern of identification so that a person who understands this pat- 
tern can read and interpret the marking on any grinding wheel, It should 
be emphasized, however, that two different manufacturers’ grinding wheels 
may have the same designation but may not necessarily perform in the 
‘same manner. 
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Fig. 11-4. The structure of the 
particles, From left to right are dense sr 


‘heel defines the spacing of the abrasive 
ang. medium spacing, and open spacing. 


The basie pattern for marking aluminum-oxide and silicon-carbide 
grinding wheels is given below 


51— А — 36—11 — 5 = У = 93 


1, Abrasive Letters. The letter (A) is used for aluminum oxide and 
(C) for silicon carbide. The manufacturer may designate some 
particular type in either of these broad classes by using his own 
symbol as a prefix (Example, 51A). 

2. Grain Size. The grain sizes commonly used and varying from coarse 
to fine are indicated by the following numbers: 10, 12, 14, 16, 20, 
24, 30, 30, 46, 54, 60, 70, 80, 90, 100, 120, 150, 180, 220. The 
following additional sizes are used occasionally: 240, 280, 320, 
400, 500, 600. The wheel manufacturer may add to the regular 
grain number an additional symbol to indicate a special grain 
‘combination 

3. Grade. Grades are indicated by the letters of the alphabet from 
A to Z in all bonds or processes. Wheel grades from A to Z range 
from soft to hard. 

4. Structure, The use of a structure symbol is optional. The structure 
is indicated by Хох 1 to 15 (or higher if necessary) with progres- 

ively higher numbers indicating less density and a wider grain 
spacing or a “тоге open” structure, 

5. Bond or Process. Bonds аге indicated by the following letters: V, 
vitrified; S, silicate; E, shellac or elastie; R, rubber; RF, rubber 
reinforced; B, resinoid (synthetic resins) ; BF, resinoid reinforced; 
O, oxychloride. 

6. Manufacturer's Record. The sixth position may be used for the 
manufacturer's private factory records; this is optional 
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Diamond and Cubic Boron Nitrate Wheel Marking 

А group of typical diamond-grinding wh Я 
А typ ло! for desig- 
nating a diamond wheel is illustrated in Fig. 11-6. A brief explanation of 
the symbols follows. For more detailed data, see Machinery's Handbook. 


is shown in Fig. 11 


Basic Core Shape. This portion of the symbol indicates the basic shape 
of the core on which the diamond abrasive section is mounted, The shape 
is actually designated by a number preceded by the letter D. 
ind component consisting 
nal shape of the diamond 


Diamond Cross-Section Shape. This, the 
of one ог two letters, denotes the eross-see 


abrasive section, 

Diamond Section Location. The third component of the symbol consists 
of a number which gives the location of the diamond section, ie., periph- 
ery, side, corner, ete. 
Modification. Th 
ing some modification sueh as drilled a 
or specia? relieving of a diamond seeti 
tion of the symbol is used only when required. 

Some diamond wheel manufacturers use their own marking instead of 


fourth component of the symbol is a letter designat- 
J counterhored holes for mounting 


^ or core. This modification posi- 


Fig 11-5 Typical diamond grinding wheel shapes 
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the Ameriean Standard marking. For ex: 
itsown system, which is explained below: 


the Norton Company uses 


‘Abrasive Grit Slee Grade GAS Bond мый» Bertin. 


D 100-N 75 B 56 1/8 


Abrasive. D designates a natural diamond. SD designates a manufac- 
tured diamond. CB designates cubic boron nitrite, or CB: 

Grit Size. The grit size appears in the second position. The following grit 
sizes are available: 36, 46, 68, 80, 90, 100, 105. 120, 150, 180, 200, 240, 
320, 400, 500, 600. 

Grade, The available grades ranging from soft to hard are Н, J, L, N, 
Р, and В. These grades should not be compared to those shown on the 
wheel markings of other bonded abrasive products, since the diamond 
wheel grade is considerably harder. For each wheel type and bond type 
there is a standard or preferable grade. 

Concentration, The concentration of the diamond is shown in the fourth 
position, In Norton diamond products the concentrations from lowest to 
highest are given by the numbels 25, and 100. 

Bond. Bonds аге indicated by the following letters: В, resinoid; M, 
metal; V, vitrified. 

Bond Modification. The b tion is shown in the sixth posi- 
tion, In the сазе of the example, the B56 bond is for wet or dry grinding 
of tungsten carbide. 

Depth of Diamond Section. The seventh position 
of the d rd depths a 


Mes the depth 
'ailable аге е”, 


Manufacturer's Identification. The use of this sy: 


Standard Grinding Wheel Shapes. 

‘The United States Department of Commerce and Grinding Wheel In- 
stitute in cooperation with the builders of grinding machines have estab- 
lished nine standard grinding wheel shapes. The dimensions in which these 
wheels are available have also been standardized. Most of the grinding 
wheels used are standard wheels, but there are a large number of special 


06 A 2 C 


bol is optional 


Fig. 11-6. Typical American National Standard diamond wheel designation symbol, 
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Type No. 1 Straight Type No 5~Recessed One Side 


Type No. 7— Recessed Both Sides Type No.4—Tapered Two Sides 


1! 


‘Type No. 12—Dish Type Na. 13~Saucer 
eere f The Corlorendum Company 
Fig 11-7. Standard grinding wheel shapes 
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wheel shapes that are used less frequently for the less common grinding 
operations. 
‘The nine standard grinding whee! shapes аге shown in Figs. 11-7 and 


11-8. The following letters designate the dimensions of the grinding wheels 
in the illustrations. 


D—Diameter (overall) F— Depth of recess (See types 
E—Center or back thickness Sand 7) 


Type No.2- Cyl 
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G—Depth of recess (Seetype7)  R—Radiused corner. 
H— Hole diameter T— Thickness (overall) 
I—Diameter of outside Bat. —Width of edge 
(Diameter of inside flat W— Wall thickness at grinding 
Marge diameter of bevel face 


P— Diameter of геесвз 


Wheel types Nos. 1, 5, and 7 are used for cylindrical grinding, surface 
grinding, off-hand grinding, and snag grinding. Thin cut-off wheels rang- 
ing in thickness from 002 to ¥4 inch are also specified as No. 1 wheels 
‘The No. 7 and No. 5 wheels are provided with recesses to give clearance 
for mounting flanges. This group of wheels is classified as Straight Wheel 
Types. 

‘Type No. 4 is classified as Tapered Wheel Type. Tapered wheels 
аге generally used for snag-grinding operations. Wheel Type No. 2 is 
classified as Cylinder Wheel Type, which is used on either horizontal or 
vertical spindle surface grinding machines. Either the peripheral surface 
ог the face of the wheel is used as the grinding surface. A Straight Cup 
Wheel Type is designated as Type No. 6, for use on horizontal and vertical 
spindle surface grinding machines. It is also used for off-hand grinding, 
utilizing the Bat surface on the wheel face. The wheel face may be either 
plain or beveled. Type No. 13 is а Saucer Wheel or a Saw Gummer which 
is used primarily for resharpening saws. Wheel Type No. 11, designated 
аз a Flaring Cup Туре Wheel, and Wheel Type No. 12, designated us a 
Dish Wheel Type, are used for tool and cutter grinding. The Type No. 11 
‘wheel, which may have a plain or beveled face, is also used in conjunction 
with а resinoid bond as a snag-grinding wheel. The thinness of the Type 
No. 12 wheel permits the grinding edge of the grinding wheel to fit into 
narrow places. 

In addition to these grinding wheel shapes there аге a large number of 
shapes available on mounted wheels. А mounted wheel is a very 
diameter grinding wheel permanently fastened to its own spindle or n 
drel. Mounted wheels are used for small hole precision internal grinding, 
such as jig grinding, and for machine grinding mold cavities. They are 
also used for off-hand grinding to finish mold cavities, to remove tool 
marks in molds, for dcburring, and to sharpen tools. Mounted wheels сап 
һе obtained having any of the four basie types of abrasives. 


‘Mounting Grinding Wheels 

Before any grinding wheel is mounted on the spindle of a grinding ma- 
chine it should be carefully checked to be sure that it is not fractured. 
‘The wheel should be carefully examined visually for eracks. Vitrified 
wheels, where size permits, may be suspended by slipping one finger 
through the hole and tapping with a light instrument, such as the handle 
of а serewdriver, whieh should produce a clear metallic ring. If a clear 
ring is not produced it may be evidence of a crack in the wheel; however, 


Ch. 11 GRINDING WHEELS 333 


oil- or water-soaked wheels do not ring clearly. Often grinding wheel man- 
ufacturers impregnate grinding wheels with various resins and greases 
which deaden the tone of the wheel to modify the cutting action. Larger 
wheels шау be suspended and tapped with a wooden mallet. The bushing 
in the center of the wheel should be checked for evidence of looseness. It. 
should not extend beyond the side of the whec and it should slip over the 
srinding-machine spindle or the wheel-mounting arbor without binding 
If the wheel docs bind it should be carefully hand-seraped or reamed to 
provide an easy sliding fit 

The correct and incorrect method of mounting grinding wheels with 
small holes direetly onto the spindle of the grinding machine is shown 
in Fig. 11-9, The inner flange should be keyed or otherwise fastened to 
the wheel spindle, and the face of this flange must run true without апу 
cendwise eccentricity. A blotter is placed between the inner flange and the 
wheel, and the wheel is pushed snugly against the flange, Blotters are 
sometimes glued to the face of new grinding wheels or are provided sep- 
arately. The blotting paper provides an even bearing surface on the face 
of the wheel which prevents damage to the surfaces on the wheel clamped 
by the flanges. The blotters help to drive the grinding wheel by increasing. 
the friction between the flanges and the wheel. The outer flange is then 
placed against the wheel with a blotter between the wheel and this flange. 
‘The outer flange should have an easy sliding fit over the spindle so that it 
will provide а uniform bearing against the wheel and the blotter. Finally, 
the nut is placed on the spindle and tightened enough to hold the wheel 
firmly in place, i.e., tight enough to prevent it from slipping and to trans- 
fer the driving torque. It should not be too tight as it would then set up 
excessive strains in the wheel 

Grinding wheels with a large-diameter hole are mounted on an arbor 
as shown in Fig. 11-10. The method of mounting the wheel on the arbor 
is similar to mounting small hole wheels directly on the spindle, The 
wheel is usually, though not always, mounted on the arbor first. The 
outer flange of larger-diameter wheels is held in place by means of a 


—— €— 
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Inner fange keyed Wheel Spindle 


(Courter of The Cortorendem Company 
Fig 11.9, Correct and incorrect methods of mounting grinding wheels with small holes. 
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Grinding Wheel саза weet 


xe undercut‏ ص 


езин 


p em 
селш of The Corborendem Company 


Fig 11-10, Correct and incorrect methods of mounting grinding wheels with 
large holes 


series of bolts. First the bolts should be made finger tight. Then after one 
bolt is tightened slightly with a wrench, the diametrically opposed bolt 
is tightened slightly. All of the bolts are tightened in this manner until 
they are tight enough to hold the grinding wheel firmly in place. The 
arbors have a tapered hole whieh fits onto a taper on the grinding-ma- 
chine spindle. Both tapers must be inspected to be sure that they are 
clean and free of nicks. The arbor and the whecl are then placed on the 
spindle and tightened firmly against the spindle by means of the nut. 

‘The grinding wheels must be balanced in order to prevent the strains 
caused by unequal centrifugal forces that ean occur if the wheel is out 
of balance. Most new wheels are reasonably concentric with the arbor 
hole and inherently jn balance. Experience may show that smaller wheels. 
do not require balancing. Small wheels can be balanced by determining 
the heavy side before the wheel is mounted. The heavy side is then placed 
in the top or highest position when the whee! is on the spindle. The tol- 
trance in the hole then causes the wheel to contact the side of the hole 
Which is on the heavy side of the wheel. This positions the heavy side 
slightly closer to the axis of the spindle, which tends to balance the wheel 

Large grinding wheels must be balanced more precisely. The wheel 
is mounted on the arbor, and the arbor and the wheel together are 
mounted on a balancing spindle. The balancing spindle is then placed on 
special parallel ways or balancing discs The heavy side of the wheel 
tends to come to rest in the lower position. The flanges of the large arbors 
will have two, three, or four adjustable balance weigh 
justed until the wheel and the arbor are in true balance. The Cincinnati 
cylindrical grinding machines have an automatic balancing mechanism 
which is built into the machine. The wheel is balanced in a few seconds 
while rotating on the spindle of the machine by the mere turn of a handle. 
Large diameter wheels should be checked for balance from time to time 
because they сап become unbalanced when their diameters decrease as 
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the result of wear. Care should be exercised in rebalancing wheels that 
have been used with a grinding fluid to make certain that the grinding 
fuid retained by the wheel has not settled їп one portion of the wheel 
to cause an unbalance. This condition is temporary and can lead to an 
unbalanced condition of the wheel after it has been eliminated. The mois- 
ture in the wheel ean be eliminated by rotating it for à few minutes dry 
or without using the grinding uid. Before a n 

ing fuid is shut down, it is good practice to stop the flow of coolant 
allow the wheel to run at full speed for several minutes. The centrifugal 
force will eliminate most of the moisture in the wheel, thus preventing 
the formation of heavy unbalanced regions due to moisture settling when 
the wheel is standing still for а prolonged period of time. 

As a safety precaution, the operator should stand to one side when first 
starting up à new wheel or one that has been remounted and allow it to 
run at full operating speed for at least one minute. If the wheel is dam- 
aged in any way it is most likely to fail during this period. It is also 
advisable to stand aside when the newly mounted wheel makes contact 
with the workpiece for the first t 


Dressing is the operation performed on the face of the grinding wheel 
which is intended to sharpen the abrasives or to change the nature of its 
grinding action. Truing is the operation that is performed to create con- 
centrieity or parallelism., or to alter the shape of the grinding wheel 

There are several different kinds of dressing tools available for dress- 
ing a grinding wheel. Star dressers have pointed discs that are loosely 
mounted on a pin, The pin is held in place by a frame which has a handle 
‘on one end. The dresser is held against the rotating grinding wheel which 
causes the pointed dises to spin. The dises remove some of the abrasive 
from the wheel and tend to pick metal out of the whect which has be- 
come loaded on the face. This type of dresser is used primarily to dress 
coarse-grained wheels on pedestal grinders and snag grinders. It is some- 
times used to dress segmental surface grinding wheels. Abrasive sticks 
are used for dressing and truing smaller grinding wheels and thin grind- 
ing wheels. They are especially useful in forming a profile and in dressing. 
grinding wheels used on cutter- and tool-grinding machines. 

Abrasive wheels mounted on a holder with precision antifriction bear- 
ings are used to dress grinding wheels mounted on cylindrical or surface 
grinding machines. The grinding wheels which act as the dressing wheel 
are made from silicon carbide. These dressers will impart a smooth, clean 
cutting face on the surface of the wheel which leaves no dressing marks 
‘on the work. The dressing wheel is set at a slight angle to the axis of the 
grinding wheel and is driven by contact with the wheel. The dressing 
wheel is traversed across the grinding wheel face; however, at least two- 
thirds of the dressing wheel shoukl always remain in contact with the 
grinding-wheel face. 

The crush-form dressing method, for dressing profiles on the face of 
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grinding wheels, is particularly useful when doing repetitive work. The 
'erush-form rolls are power driven and made from hardened high-speed 
steel, cemented carbide, or boron carbide. The rolls are 4 to 6 inches in 
diameter and are made to the profile to be produced on the workpiece. 
Driven at a speed of 150 to 300 feet per minute, the roll is brought in 
contact with the face of the grinding wheel. The grinding wheel is ro- 
tated by the erush rolls, and the wheel is fed into the rolls gradually un- 
til the desired profile has been produced on the wheel. 

Perhaps the most common method of dressing and truing grinding 
wheels on precision grinding machines is to use an industrial quality 
diamond, The diamonds are set in a variety of holders which can be firmly 
held in the grinding machine. In the diamond dressing operation shown 
in Fig. 11-11, the diamond is held at an angle of 10 to 15 degrees in the 
direction of the wheel rotation, It may be held on center or 1/8 to 1/4 
inch below center, In the erossfeed direction the diamond may be posi- 
tioned! perpendlieular to the face of the grinding wher), or 10 to 15 degrees. 
with respect to the direction of the erossíced, ns shown in Fig, 11-11 
When the diamond is positioned so that it i» perpendicular to the face 
of the wheel it is traversed back and forth across the face of the 
grinding wheel using a slow traverse feed. The amount of infeed of dia- 
mond into the wheel per pass across the face should not exceed 001 
inch, and the infeed should be decreased to less than 001 inch per pass 
for the last few finish dressing passes across the wheel face, When a 
very fine finish must be ground on the workpiece, the diamond should 
be passed across the face of the work several times using no infeed and 
a slow traverse. A fast traverse of the diamond past the wheel will give 
а fast cutting wheel but one that may produce diamond marks on the 
surface of the work. The diamond ean be seriously damaged by overheat- 
ing, and care must be exercised to prevent this from occurring by not 
taking too deep a cut. Grinding wheels can be diamond-dressed dry; 
however, if а grinding fuid is available it is best to use it while dressing, 
On surface grinding machines the diamonds ean be placed in а holder 
held by the magnetic chuck which is usually used to hold the work on 
the table 


Fig 11-11. Position of diamond for rceing and trong grinding wheel 


Ch. 11 GRINDING WHEELS 337 


Tn addition to the single-point diamond truing and dressing tool, multi- 
ple-point dressers are available. Another type of truing and dressing tool, 
which is used like the single-point diamond tool, consists of a block of 
concentraten diamond abrasive grit mounted on the end of the holder. 

Diamond and eubie horon nitride (CBN) grinding wheels require a 
diferent truing 
and, if eorreetly used do not require frequent truing or dressing, When 
possible cach wheel should be mounted on its own adaptor, which should 
not be removed for the life of the wheel. As a first step in setting up à new 
wheel, and later on when required, the wheel must be accurately mounted 
оп the adaptor and on lle and the flange 
face of the grinding а dial test indicator. 
to make certain that it is running t 
tightened on the spindle, with the whee! hel oniy ^ 
Using a dial test indicator to find the high spot on the wheel, lightly tap 
the high spot with a soft wooden block and repeat until the wheel runs 
true, after whieh it is tightened! onto the adaptor. Cup wheels should be 
mounted to run true within 001 in. (0.025 mm), resinoid bonded peri 
eral wheels within 0005 in. (0.013 mm), and metal bonded wheels wit 
0002 in. (0.005 mm). 

When metal bonded dis 
in order to rotate within t 


СВХ wheels require aiklitional truing 
cried limite, the whee! together with 


селен ч the thar! теве Ca., Specialty Materials Dest. 
Fig. 11412. Truing а Borszon Ө grinding wheel on а surface grinder, using а steel 


banded, diamond-impreenated tool. The traverse «red should be 3 to 5 fpm and the 
infeed. 0005 in. per pase. 
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the adaptor should be mounted on a special mandrel that is held between 
centers on а lathe, cylindrical grinder, or preferably between the centers 
of a cutter and tool grinder. Using a 60- to 100geit aluminum oxide or 
silicon earbide grinding wheel operating at 5000 to 6000 fpi, slowly grind 
the face of the metal bonded wheel until it is true. The metal bonded 
wheel should he rotating slowly, at approximately 100 to 200 fpm. Do 
not rotate this wheel manually because the uneven motion may cause flat 
spots to he ground. Metal bonded wheels having the abrasive on the face, 
such as eup wheels, ean also be trued by lapping on а flat glass or east 
iron plate using a figure 8 motion. The lapping compound ix a slurry 
composed of water and 120 grit silicon carbide 

Resinoid bonded diamond and CBN wheels may be trued with a metal 
bonded diamond stick which is held in a holder and used like a single- 
point diamond truing and dressing tool, as shown on a surface grinder in 
Fig. 11-12. The diamonds arc held in a metal bond and the diamond 
concentration is high to make a matrix that i» more abrasion resistant 
than the wheel. Another method is to use а brake controlled truing attach- 
ment. This attachment has a silicon carbide wheel that is slowed down 
by a brake while the resinoid bonded wheel, operating at full speed, is 
slowly fed into the silicon carbide wheel. Resinoid bonded wi 
sometimes trued by carefully grinding a soft stec! block. 

After the diamond or CBN wheel has b 
shiny and smooth. Before it can be used it must be dressed, Dressing is 
accomplished or a silicon carbide dressing 
stick against the gr it is rotating. The dress- 
ing stiek may be helt in a holder, in which ease the operation is performed 
very much like dressing point diamond, It may also he held 
‘against the wheel by band, 
сап be jogged to make it run more slowly while serubbing the fare with a 
stick. A small amount of coolant should he used to ercate a slurry or paste 
that rolls li the stick and the wheel to abrade 
the bonding material from between the abrasive grains, The wheel will 
feel smooth before itis dressed; after properly being dressed it will have 
a rough texture. Ах the wheel becomes sharp there will be a rapid wear 
of the dressing stick, which is a good indicator that the wheel is being 
opened. Diamond and CBN wheels should not require frequent dressing 
if used correctly; when dressing is required, the method deseribed should 
be used. 


Grinding Wheel Speeds 

The operating speed of a grinding wheel depende upon many variables, 
among whieh are: shape and size of the wheel; bond from which it is 
made; abrasive ‘pe of grinding 
operation; type of e ange for which 
the machine ix designed. the spindle 
speed can he given except one: In all eases the maximum speed specified 
by the grinding whee! manufaet «exceeded. This speed is 
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Fig. 11-13, Dressing а. Вогавоа Ө grinding wheel by hand. us 
GG hardness), alumina oxide droning «tick 


ut 220 grit, oF finer 


below the maximum allow 
t is too slow is not used 
way more rapidly. In 
heel speed ie used in order 
«| surface; ie., in order to 


ике! on the wheel. A spe 
able speed is often used. Norm 
because the wheel will aet softer a 
certain cases, however, а 
to improve the surface int 
reduce the damage done to the surface by grinding. At the lower speed 
the grinding wheel will generally eut cooler and more freely. Very high 
speed grinding, sometimes ive machining, is done, but only 
on special machines and wi his purpose 

A few representative examples o ped are given helow 
whieh, however, may have to be. ies listed above. 


Type of Wheel m/min 
Vitrified bonded 40006500 1220-1080 
Metal honded 5000-12.000 
Resinoid bonded 

30000500 

3000-5000 


3300-8500 
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‘Most cylindrical grinding operations using an aluminum oxide (ALO,) 
wheel are performed at a wheel speed of about 3000 to 6000 fpm (1525 
to 1830 m/min) ; most surface grinding operations are performed at 4000 
to 6000 fpm (1220 to 1830 m/min). Cutter and tool grinding operations 
are also performed at 4000 to 0000 fpm when an aluminum oxide or a 
silicon carbide wheel is used. The grinding wheel speeds listed above 
should be used for eutter and tool grinding when metal or resinoid bonded 
"ашо or еше boron nitride (CBN) wheels are used. 


Grinding Wheel Performance and Selection 

Although a particular grinding wheel may perform better than others 
on a given job, most grinding wheel operations can be performed satis- 
factorily by а number of different grinding wheels, By adjusting the work 
speed, the traverse rate, the infeed, and the method of truing and dress- 
ing, most wheels can be used for a rather wide range of applications. It 
is usually not necessary to have a large number of different grinding 
wheels available for each machine. 

The following paragraphs will deseribe how some of the basie grind- 
ing conditions affect the performance of the wheel. Caution should һе 
exercised, however, in attempting to predict the change in grinding wheel 
performance by varying only one of the basie grinding conditions. Many 
of these conditions are so interrelated that a change in one brings about 
a change in the other. 

Arc of Contact. The аге of contact, Fig. 11-14, is that portion of the 
circumference of the grinding wheel that is in contact with the work. Tt 
is dependent upon the type of grinding operation being performed, being. 
greatest for internal grinding and least for eylindrical grinding. The are 
of contact is also affected by the depth of the infeed, the diameter of 
the grinding wheel, and the diameter of the workpiece. It is inereased 
by increasing the diameter of the grinding wheel and by inereasing the 
depth of the wheel infeed. In eylindrieal grinding the are of contact will 
be inereased when the diameter of the work is inereased, and in internal 
grinding when the diameter of the hole is deereased. 


Fig. 11-14 The arc of contact is the portion of ће circumference of the grinding wheel 
that is in contact with the work. The аге of contact за shown for: left, cylindrical 
grinding; center, internal grinding: right, surface grinding. 
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"The are of contact is important because of its effect upon the area of 
contact. Increasing the are of contact will increase the area of contact 
if other grinding conditions remain constant. 

Area of Contact. The area of contact is that portion of the surface of 
the grinding wheel in contact with the surface of the workpiece at any 
опе instant. It is equal to the length of the аге of contact multiplied by 
that portion of the width of the whee! which is in contact with the work. 
For eylindries! and internal grinding it is the are of contact times the 
rate at which the work traverses the face of the wheel per revolution 
of the work, For surface grinding it is the eross-feed rate times the are 
of contact. 

Tt is necessary to force the grinding wheel and the workpiece together 
in order to grind. The foree on the wheel will be equal to the force on 
the work, This foree will be distributed over all of the particles of abra- 
sive that are in contact with the workpiece at any one instant, Each 
abrasive grain will then carry а portion of the exerted foree in order 
to grind material from the workpiece. This portion of the grinding force 
will he referred to as the grinding pressure, although technically this 
is not quite correct. 

If there is а constant foree between the grinding whee! and the work 
piece, an inerease in the area of contact will cause more abrasive parti- 
cles to be in contact with the surface of the work and there will be a con- 
sequent decrease in grinding pressure on cach particle because the force 
is divided by more particles. When the pressure on each particle is de- 
creased, the abrasive particles will not penetrate into the work as deeply 
and each particle will grind off less metal. Since the pressure on the 
particle is decreased, it is less likely to be tom from the surface of the 
wheel. Tt is also less likely to be fractured; therefore the grinding wheel 
will tend to perform like a harder whecl, Thus, the inercasing area of 
contact tends to make the wheel act harder if the force between the 
wheel and the workpiece is not changed. If, however, the magnitude of 
this force is inereased in order to make the wheel act as before, more 
power will be required and more heat will be generated, ‘This might cause 
the surface of the work to overheat and be damaged. Furthermore, the 
increased force will cause the wheel and the workpiece to defleet away 
from each other. 

Conversely, if the arca of contact is deereated, the force will be dis 
tributed over fewer abrasive particles and the pressure on each particle 
will increase. Because each particle will penetrate more deeply into the 
surface of the work, it will he more likely to be torn from the surface 
of the grinding wheel or to fracture, thereby creating new sharp cutting 
edges on the surface of the grinding wheel. Thus, decreasing the area of 
contact will tend to make the grinding wheel act softer. 

When a large area of contact must be used, a softer grade of grinding 
wheel with a more open structure should be used. The open structure 
provides more chip space and decreases the number of abrasive particles 
that are in contact with the surface of the work, thereby inereasing the 
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pressure on each particle. A coarser wheel dressing action with a diamond 
will also help to produce a better grinding action. 

Traverse Speed. The traverse movement is the movement of the work 
past the face of the wheel, and the traverse speed is the rate of this move- 
ment. For surface grinding the traverse speed is equivalent to the cross- 
feed or the distance that the wheel is fed across the surface of the work 
per stroke of the table. Increasing the traverse speed increases the area 
of contact, which tends to make the grinding whecl act somewhat hard- 
er. In practice, however, increasing the traverse speed will also have the 
effect of increasing the force between the work and the wheel so that 
the grinding pressure on each abrasive particle is increased and more 
heat is generated. Furthermore, increasing the traverse speed will cause 
more abrasive particles to cut into the work, and as a result more of 
the abrasive particles on the face of the grinding wheels will be subject. 
to wear. Since worn particles will fracture or be separated from the sur- 
face, the grinding wheel will act softer. A soft grinding wheel can be 
made to aet harder by decreasing the traverse speed. which affects the 
surface finish produced on the work. А slow traverse speed should be 
used to obtain a good finish. 

Wheel Infeed. The wheel infeed is the depth of cut or the depth of 
penetration of the wheel into the work. Inereasing the infeed results in 
а larger are of contact, thereby increasing the area of contact. A greater 
force must be exerted to cause the grinding wheel to penetrate into the 
‘work. Such force tends to offset the effect of the larger arca of contact. 
Since increased pressure causes each abrasive particle to penetrate more 
deeply into the work and eut more deeply, the effect of increasing the 
wheel infeed is to make the wheel act softer. The heat generated will also 
increase to the point where the amount of infeed used is limited; otherwise 
the surface of the work will be seriously damaged. 

Work Speed. The work speed for all grinding operations, generally 
expressed in feet per minute, is usually in the range of 15 to 100 feet per 
minute, Some operations such as eam grinding and thread grinding are 
performed using a work speed as low as 2 to 6 feet per minute. Some поп- 
ferrous alloys and soft metals may be ground as fast as 200 feet per 
minute. 

The effect of the work speed is to increase the length of the chip that is 
produced. Since each abrasive particle docs more work, the amount of 
heat generated will also inerease. Furthermore, each abrasive particle 
will tend to get dull more rapidly, and the wheel may act somewhat softer. 
In practice the work speed is sometimes decreased to permit a deeper cut 
ог more infeed to be used. In general, the work speed for rough grinding 
and for finish grinding is the same. Because a slower work speed will usu- 
ally produce a somewhat better surface finish, the speed is sometimes 
reduced for finish grinding except when a deep, slow-speed rough grind 
precedes the finish grind. If the wheel acts too soft when rough or finish 
grinding, reducing the work speed will tend to make it act harder. 

Grinding Wheel Speed. The maximum speed of the grinding wheel 
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determined by the grinding wheel manufacturer and should never be 
exceeded. Providing that the maximum safe speed is not exceeded, increas- 
ing the speed will make the wheel act harder because each ‘abrasive 
particle will be in contact with the work for a shorter length of time and 
the length of the eut made by the abrasive will be shorter. The generation 
of more heat is due to the faster cutting speed. As the grinding wheel 
wears and is dressed, it will become smaller in diameter, thereby reducing 
the surface speed of the wheel. This will cause the wheel to act softer and 
to generate less heat. Many grinding machines are equipped with different 
sets of pulleys so that the wheel speed can be varied in a stepwise manner, 
It is the common practice on these machines to inerease the wheel speed 
when the diameter of the wheel is reduced to a certain limit. Also, by 
reducing the speed of the wheel, a harder grade grinding wheel than is 
required for the work ean be used. 

Grinding Wheel Diameter. A small-diameter wheel will always act 
softer than a larger wheel, even though their hardnesses are the same and 
they are operating at the same surface speed in terms of feet per minute. 
“The smaller diameter wheel has a smaller are of contact. However, it has 
fewer abrasive particles on the surface, and each abrasive particle cuts 
into the work more frequently in a given period of time. The abrasive 
particles will therefore get dull more rapidly and the resulting increase in 
the grinding force will cause them to fracture or to be separated from the 
surface of the wheel more rapidly. Inevitably, grinding wheels will act 
softer as they are used up and their diameter becomes smaller. It should 
also be kept in mind that large-diameter wheels should generally be 
softer than small-diameter wheels for grinding a given material. 

Work Diameter. The work diameter affects the arc of contact, the larger 
diameter having the greater are of contact. The resulting increase in the 
area of contact associated with the larger work diameter will tend to cause 
the grinding wheel to act slightly harder. Thus, theoretically the surface 
speed of the work should be slightly increased or the traverse speed re- 
duced in order to decrease the area of contact. In practice, however, it is 
sometimes better to decrease the surface speed of the work slightly and to 
maintain a reasonably fast traverse rate when larger diameter workpieces 
эге ground, Furthermore, the grinding wheel used on such workpieces 
should have a more open structure so that more chip space is provided 
and each abrasive particle ean penetrate more deeply into the work. 

The Material to Be Ground. The material to be ground determines the 
type of abrasive to be used on the grinding wheel. Silicon earbide is used 
to grind very hard and brittle materials and very soft materials that ean 
easily be penetrated. Among the materials ground with silicon carbide are 
hardened tool steels, high-speed steel, aluminum, gray cast iron, brass, 
rubber, plastics, marble, and other stones. Aluminum oxide is used to grind 
materials that are not easily penetrated and are tough. This includes 
carbon steels, alloy steels, malleable iron, wrought iron, and tough bronzes. 
Hardened tool steels and high-speed steel are also ground with aluminum 
oxide. For general grinding operations on these materials, aluminum oxide 
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is preferred. However, a fine cutting edge can be ground with a fine- 
grained silicon carbide wheel. Diamonds are used to grind cemented car- 
bides and oxides. Cubie horon nitride is used to grind hard tool steel 

Amount of Material to Be Removed. When a large amount of material 
is to be ground from the surface of the workpicce, a grinding wheel with a 
coarse grain size and an open structure should be used. As the amount of 
stock to be removed is decreased, the grain size can be decreased and a 
less-open structure used. Most precision grinding work should be done 
with abrasives having a medium size grain and a medium structure even 
if the amount of stock to be removed is small. Cutter and tool grinding 
operations generally require the use of a finer grain size and a more closed 
structure, 

Surface Finish. The finish required on the workpiece affects the selection. 
of the grinding wheel. In general, fine-grained wheels will produce a finer 
surface finish. Where a very high degree of surface finish is required—such 
as in roll grinding—shellae-bonded wheels are used. The surface finish 
obtained is also affected by the procedure used in dressing the grinding 
wheel with the diamond. For a fine finish on the workpiece, several light 
cuts should be taken across the face of the wheel with the diamond. A good 
surface finish can be obtained with a fairly coarse-grained wheel by 
skillfully truing and dressing the whecl. The application of a synthetic 
chemically active grinding fluid or a grinding oil will also assist in improv- 
ing the surface finish on the work. Water-soluble oil-type cutting fluids 
seem to have little effect on the finish obtained. 

Condition of the Grinding Machine. The performance of the grinding 
wheel is affected by its condition. Heavy and rigidly constructed grinding. 
machines that are not subject to vibrations can use softer grinding wheels 
‘A machine subject to vibrations due to wear or light construction usually 
requires the use of somewhat harder grinding wheels. 

Grinding Fluids. Grinding fluid is always helpful and often essential in 
performing precision grinding operations. Most wet grinding operations 
are performed by using a water-soluble oil, which acts as a coolant. The 
cooling action of any liquid coolant, including soluble oil, has little if any 
effect upon the rate of wear of the grinding wheel. It is even more im- 
portant that the coolant has very little influence on the maximum tem- 
perature generated in grinding and on the total heat generated. Dry 
grinding does not produce larger instantaneous temperatures than wet 
grinding. The principal function of the coolant in grinding is to prevent 
the gradual rise of the temperature of the workpiece. In this respect the 
coolant performs а very important function in precision grinding opera- 
tions, 

Other grinding fluids are used to improve the action of the grinding 
wheel. Synthetic chemically active grinding fluids which are sold under 
trade names can reduce grinding forces, provide a better surface finish on 
the work, and inercase the life of the grinding wheel. Chemically active 
fluids may also be good coolants, although their primary function is that. 
of a chemical agent. Mineral-base oils that have been blended with other 
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agents such as active sulphur or chlorine are also used as grinding fluids, 
Grinding oils сап sometimes reduce the amount of heat generated by the 
grinding action, but their action as a coolant is poor. The application of a 
grinding oil can result in a marked improvement of the surface finish 
obtained оп the workpiece. Because of their poor cooling ability, mineral- 
base oils should not be used when a high level of heat generation by the 
grinding action cannot be avoided. During all operations with grinding 
oils, care must he exercised to prevent the occurrence of an explosion. The 
mist eaused by the action of the grinding wheel ean be ignited by a grind- 
ing spark from the wheel when the conditions are just right. 

The revolving ig wheel is surrounded by а rapidly moving layer 
of air caused by the friction between the air and the surface of the wheel, 
‘The most rapid movement of the air occurs adjacent to the peripheral 
surface of the wheel. When the fow of this layer of air is disrupted by the 
surface of the workpiece, a region of turbulence and higher pressure is 
created. As this region oceurs where the coolant is applied, some of the 
coolant is deflected away by the turbulence and pressure. This limits the. 
‘quantity of coolant that ean reach the interface of the wheel and the work, 
where the metal is actually being ground. More effective use of the coolant 
can be obtained by placing a piece of sheet metal a short distanre above 
the nozzle and as close to the peripheral face of the wheel as possible. This 
air diverting sheet will disrupt the rapidly moving layer of air before it 
reaches the interface of the wheel and the work, thereby allowing more 
coolant to enter the region where grinding actually occurs. 

Grinding Wheel Width. In some circumstances narrow face grinding 
wheels will aet softer than wheels having a wider face, other conditions 
being equal. This will occur when plunge grinding with the entire face of 
the grinding wheel. In this ease the narrow face grinding wheel will act 
softer because it will have a smaller arca of contact than a wheel having а 
wider face. Plunge grinding ix the method by whieh the grinding wheel 
is fed into the workpiece without any traverse of the wheel or the work- 
piece. Theoretically, when traverse grinding, only the leading portion of 
the face of the grinding wheel that is within the traverse length per revolu- 
tion (or per stroke} will actively grind the workpiece. While traverse 
grinding docs occur in this manner in many instances, there are other 
times when grinding takes place beyond the traverse length on the wheel 
face as a result of wheel wear, oF «tall surface deflections caused by the 
grinding pressure. Although this should make the grinding wheel aet 
harder as а result of the increased area of contact, any inerease in hard- 
ness that might oceur is negligible. It may, however, cause the beat gen- 
crated by the grinding action to inercase noticeably. When grinding eut- 
ting tools on a cutter and tool grinding machine, it is common practice to 
true and dress the grinding wheel so that it will have only а narrow face 
width in contact with the workpicce, thercby limiting the area of contact. 
This prevents any undue increase in the grinding heat and results in a 
cooler grinding action. It will, however, usually cause the grinding wheel 
to net softer than when the full width of the whee! is used. 


capter 12 


Cylindrical Grinding 


‘The term cylindrical grinding designates the precision grinding of true 
cylindrical surfaces, tapered or conical surfaces, and flat shoulders. Al- 
though generally performed on а eylindrieal grinding machine, sometimes 
these operations сап be performed on cutter and tool grinding machines 
ог even on engine lathes. Internal grinding is а term that designates the 
grinding of internal surfaces in а ole. Internal grinding is often done on 
special internal grinding machines as well as on a cutter and tool grinding 
machine, an engine lathe, and rather frequently on a universal cylindrical 
grinding machine. For this reason, internal grinding will be treated in this 
chapter on cylindrical grinding 

Cylindrical and internal grinding operations are performed on work- 
pieces for several reasons Surfaces can be ground to very close tolerances 
with greater ease and rapidity than they can be machined with a single- 
point tool in a lathe. Also, precision ground surfaces usually have a better 
surface finish than can be produced by a single-point tool in a lathe. 
Finally, hardened surfaces that cannot be economically machined other- 
wise сап be machined by grinding. Parts are frequently machined close to 
size in a lathe. If need be they are hardened. The final operation is to finish 
these parts to size in a cylindrical grinding machine 


Cylindrical Grinding Machines 


chine. In general the plain cylindrical grinding machine is somewhat more 
rigidly constructed, while the universal cylindrical grinding machine is 
constructed to provide greater flexibility and thereby allow a wider range 
of work to be done. The principal differences in construction arc in the 
wheel spindle head slide, the headstock, and the table. These differences 
will be discussed in the description of the universal cylindrical grinding 
machine. 

А universal cylindrical grinding machine is shown in Fig. 12-1. The bed 
of this machine contains the controls for its manual and automatic opera- 
tion. The controls vary in detail on different grinding machines and will, 
therefore, not be examined in detail. They can be leamed by studying a 
specific machine in the shop or by studying literature supplied by the 
grinding machine builder. Nevertheless, all cylindrical grinding machines 
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do have controls mounted on the bed which perform the following specific 
functions: 


1. Table traverse handwheel for manually traversing the table past 
the grinding wheel. 

2. Automatic table traverse engagement for engaging the automatic 
table traverse past the grinding wheel. 

3. Table traverse speed selector for regulating the speed of the auto- 
matic table traverse past the grinding wheel. 


Спомини Ч the Brown & Sharpe Manufacturing Company 
Fig 12-1. Universal cylindrical gri 


log machi 


4. Table reverse lever for changing the direction of the automatic 
table traverse. This lever may be engaged manually. When not 
engaged manually, it is moved by two dogs, or stops—one of which 
is mounted at each side of the table. The position of these dogs 
determines the length of stroke of the automatic table traverse 

5. Table dwell controls which regulate the amount of time that the 
table dwells or pauses at the end of each stroke before moving in 
the opposite direction 

6. Grinding-wheel infeed, or eross-feed, handwheel which is used to 
feed the grinding wheel toward or away from the workpiece manu- 
ally. On some machines this control is mounted on the grinding- 
wheel spindle head. 

7. Automatie grinding-whee! infeed, or cross-feed, engagement which 
engages the automatic infeed of the grinding wheel. 
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8. Automatic grinding-wheel infeed, or eross-feed, control which regu- 
lates the distance that the wheel feeds into the work at the end of 
each stroke of the table traverse. 


9. Headstock specd control for regulating the speed of the headstock 
spindle. 

10. Headstock-spindle start-stop control. 

11. Grinding-wheel spindle start-stop control. 

12. Grinding-machine start-stop control. 


Many eylindrical grinding machines have additional controls which are 
unique to the design of the machine. For example, most universal cyli 
drical grinding machines have an internal grinding spindle for which a 
start-stop control is provided. 

‘The grinding machine table slides upon ways that are machined and 
hand seraped on the top of the bed. On universal eylindrieal grinding ma- 
chines the top of the table is in a horizontal plane to provide a convenient, 
reference surface. Plain cylindrical grinding machines usually take 
heavier cuts and require a more copious supply of grinding fluid. In order 
to drain the grinding fluid toward the wheel-spindle head, the top of the 
table on these machines is usually slanted toward this head. The table 
traverse can be manually actuated by the hand wheel on the bed, or it. 
can be actuated automatically by a hydraulie mechanism. The table is 
made in two parts, as can be seen in Fig, 12-9. The sliding table slides оп 
the ways of the bed and the swivel table is mounted on the top of the 
sliding table. The swivel table pivots around a pin attached to the center 
of the sliding table. The purpose of the swivel table is to allow the centers 
of the headstock and the footstock to be aligned with the traverse motion 
of the table so that a true cylindrical surface will be ground. Another 
purpose of the swivel table is to offset the centers so that a tapered sur- 
face сап be ground as shown in Fig. 12-9. 

The headstock of the grinding machine is mounted at the left side of 
the top of the table. Ways machined on the top of the table are used to 
align the headstock in place. The headstock can be clamped in different. 
positions along the ways in order to accommodate different lengths of 
workpieces. The headstock spindle of cylindrical grinding machines is of 
unique construction. When centers are mounted in the taper inside the 
spindle, the center may be made to rotate, or the center and the spindle 
may be held stationary while a driving plate revolves around them. The 
driving plate drives the dog which is attached to the work causing it to 
rotate. This feature permits the workpiece to be ground while mounted on 
two dead centers, thus eliminating any error in the center and in the 
spindle bearings and resulting in a more accurately ground surface 
Chucks and faceplates сап be mounted on the universal grinding machine 
headstock, which can be swiveled at an angle (Figs. 12-12 and 12-13) in 
order to grind tapers, angles, and faces. On plain cylindrical grinding 
machines the headstock cannot be swiveled. 
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The footstock is mounted at the opposite end from the headstock. Used 
to support one end of the workpiece when grinding between centers, the 
footstock can be clamped in different positions along the length of the 
table, It is aligned to the headstock by the ways on the tabletop. The 
footstock spindle, which does not rotate, is pressed forward by a spring 
used to keep the footstock center in the center hole of the workpiece at all 
times, The spindle ean be locked in position lengthwise, This is done when 
it is necessary to bring a grinding pressure against the footstock spindle, 
such as when shoulders are ground. 

А major difference in the construction of plain and universal cylin- 
drieal grinding machines is the design of the grinding-wheel spindle head. 
‘The grinding-wheel spindle head moves along by sliding on a slide, On. 
plain cylindrical grinding machines this slide is in a fixed position, per- 


Fig 12-2 Grinding-mheel spindle head. 
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mitting the wheel spindle head to move only back and forth in a direction 
perpendicular to the longitudinal table movement. The wheel spindle 
head of а universal cylindrical grinding machine is shown in Fig. 12-2, 
The slide on which this head moves is not constructed in a fixed position 
and сап be positioned at an angle with respect to the table. Thus, the 
wheel spindle head ean be moved at an angle in order to grind steep tapers 
as shown in Fig. 12-10. In addition, the wheel spindle head of the uni- 
versal cylindrical grinder ean be rotated independently of the wheel 
spindle head slide and clamped in an angular position in order to grind 
shoulders (Figs. 12-7 and 12-8) or tapers (Fig. 12-11). 

On both plain and universal cylindrical grinding machines the speed 
of the grinding wheel сап be varied by changing the sheaves, or V-belt 
pulleys, on the motor and on the spindle. In Fig. 12-2 the guards are ге- 
moved in order to show these sheaves. On universal cylindrical grinding. 
machines the position of the wheel and the pulleys ean be reversed. This 
feature facilitates the performance of shoulder grinding operations such 
as hose shown in Figs, 12-7 and 12-8. 

Universal cylindrical grinding machines are generally equipped with 
an internal grinding head like the one seen above the external grinding. 
wheel in Fig. 12-2. The internal grinding head is clamped in this position 
when performing external grinding operations in order not to interfere 
with these operations. When it is to be used, it is simply pivoted down 
and clamped into the position shown in Figs. 12-15 and 12-16. 


Cylindrical Grinding Machine Accessories 

The standard accessories that are furnished with the universal cylin- 
drical grinding machine in Fig. 12-1 are shown in Fig. 12-3. These parts 
are named below: 


A. Universal back rests and ad- H. Footstock-type wheel-truing. 
justable bronze shoes (2 fur- fixture. 
1. Wheel sleeve 
pe wheel-truing fix J. Motor sheaves 
ture K. Instruction booklet and repair 
1 


Steady rest parts booklet 
Set of wrenches Set of work-driving dogs 
Wheel sleeve and sheave М. Table splash guards 


em мро s 


pullers Turret-setting bar 
Face plate O. Four-jaw independent chuck 
Grinding wheel 


Additional attachments are available but are not regularly furnished 
with the machine. A partial listing of accessories is given here: 


Permanent magnet rotary chuck Angle wheel-truing attachment 
Three-jaw universal chuck Wheel-truing fixture for internal 
Collet ebucks grinding wheels 

Radius wheel-truing attachment 
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rests. A pair of back rests is shown 
at A, Fig 12 ion of back rests is shown in Figs. 12-4 
and 12-5, The purpose of the back rest is to support the workpiece by 
resisting its tendency to deflect away from the grinding wheel as a result 
of the grinding pressure. Thus, they help to prevent any inaccuracy be- 
ing ground into the workpiece. By resisting the tendency of the workpiece 
to deflect, they serve another very useful function—helping avoid the oc- 
currence of chatter. Back rests are especially useful when long slender 
shafts are ground, as shown at A, Fig. 12-4. The number of back rests to 
be used is а matter of judgment. For an approximation, the diameter is 
multiplied by а number between six and ten, and the product will be 
the distance between the steady rests. For example, if a workpiece is 30 
inches long and 1.250 inches in diameter, the distance between the back 
Tests for maximum support should be 6 х 1.25 = 7.800 inches. Thus, 
three back rests should be used. Two of the back rests are placed about 
7.500 inches from each end, and the third is placed in the center. 

Back rests can also be used to an advantage during the grinding of 
workpieces with relatively larger diameters which are stiff enough to re- 
sist serious deflection by the grinding wheel. When a heavy, coarse, rough- 
grinding cut is taken on such a part, the grinding-wheel pressure ean cause 
the tailstock to back out unless the spindle is clamped, If the part is sus- 
ceptible to heat and the tailstock spindle is clamped, the result will be that 
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а heavy load on the centers will cause wear and that the workpiece will 
readily distort from too much center pressure. These conditions could actu- 
ally cause the spindle to be forced slightly back, with the workpiece be- 
coming loose on the centers during the finish grinding cuts. The application. 
of one or two back rests can prevent this difficulty from occurring, When 
а large and heavy workpiece is ground, such as the roll shown at B, Fig. 
12-4, the heavy weight would impose a large load on the centers. In this 
case the back rests shown in the illustration are used to help support the 
workpiece and relieve the load on the centers. 

Although the design of back rests varies somewhat, they are always pro- 
vided with two shoes. One shoe is called the horizontal shoe and the other 
shoe is called the lower shoe. In Fig. 12-3, both shoes are constructed in 
‘one piece and are shown lying flat in front of the back rest. Other types of 
back rests have two separate shoes. In either case, both shoes can be ad- 
justed independently. The surface on which the shoes rest should be го- 
tating true before the shoes are brought in contact. This may require tak- 
ing а light truing eut across the workpiece, or if this cannot be done, as 
in the case of very slender parts, а true spot should be ground by plunge 
grinding using a very slow infeed. The first spots should be ground near 
the ends of the slender workpiece where it is supported by the centers, 


oerte of Cincinnati Манат 
Fig. 124A. Using hack rests to grid а slender workpiece. 
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Conroe of Cincinnati Miaron 


Fig 12-48, Using back rests to grind a heavy roll 


When the surface against which the shoes rest is true, the back rest is ap- 
plied by first bringing the lower shoe against the work with just enough 
pressure to provide support. The horizontal shoe is then moved against the 
workpiece with a very light but firm pressure. If too much pressure is 
used on the horizontal shoe, it will spring the work toward the wheel caus- 
ing it to be ground undersize at this point. The spring pressure in the back 
rests will keep the shoes in contact with the workpiece. However, if much 
stock must be removed, repeated settings of the shoes are often necessary. 
As the workpiece approaches the finish size, the wheel is withdrawn and 
the work stopped. The diameter is measured in several locations, includ- 
ing the position opposite each steady rest. The measurements are compared 
and the deviations corrected by adjusting the offending back rest. After 
the first workpiece has been ground to size, the stops can be set on the 
back rests so that they will not move forward beyond this setting Subse- 
quent workpieces can be placed in the machine by depressing the springs 
їп the back rests, and the shoes will follow the workpiece until it reaches 
its finish size. 

The face of the horizontal shoe should be vertical, and the face of the. 
lower shoe should be at an angle of about 120 degrees with respect to the 
face of the horizontal shoe. Care should be taken to make sure that this 
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angle is not less than about 120 degrees; otherwise the workpiece can be 
ground out of round. The shoes will wear and oceasionally require redress- 
ing when the wear has become excessive. 


Basic Methods of Cylindrical Grinding 

‘The two basic methods of performing precision grinding operations on 
cylindrical grinding machines are called plunge cut grinding and traverse 
grinding. In plunge cut grinding the grinding wheel is continuously fed 
into the workpiece which rotates but does not traverse back and forth 
Thus, the ground surface on the workpiece will be a reflection of the shape 
dressed onto the periphery of the grinding wheel. The length of the surface 
ground by this method eannot be greater than the thickness of the grind- 
ing wheel. Cylindrical and tapered surfaces ean be ground in this manner. 
Оп production cylindrical grinding machines even stepped surfaces with 
shoulders ean be ground by dressing the grinding wheel accordingly or by 
mounting more than one wheel on the grinding-machine spindle. Some pro- 
duetion-type cylindrical grinding machines can be equipped with a spindle 
reciprocating arrangement which eauses the spindle to move the grinding 
wheel back and forth a short distance parallel to the workpiece while it 
is plunge cutting. This action improves the surface finish on the workpiece 
by eliminating the marks eaused by the diamond wheel dresser. 


Соате of the Brown & Sharpe Manafacturing Company 


Fig 12-8. Universal cylindrical grinding machine set up for traverse grinding 
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The most common method of cylindrical grinding is traverse grinding. 
Here the workpiece is traversed back and forth past the grinding wheel 
by the table. At the end of each stroke the table is usually made to stop 
ог to dwell for a short period of time before the motion continues. The in- 
feed of the wheel, which may be manual or automatic, usually occurs at 
the end of a stroke. A traverse grinding operation being performed on а 
universal cylindrical grinding machine is shown in Fig. 12-5. 


Performing a Cylindrical Grinding Operation 

Cylindrical grinding is a precision machining operation which requires 
that careful attention be given to every detail of the setup and operation. 
A step-by-step procedure for setting up and performing a cylindrical 
grinding operation will be given below. Figure 12-5 shows the operation to 
be described. 


1. Seleet the best grinding wheel. Before starting the grinding opera- 
tion, true and dress the grinding wheel, If the grinding whee! must. 
bbe changed, it should be balanced before being mounted on the 
spindle 

2. Set the grinding wheel to operate at the correct speed, Measure 
the diameter of the wheel, and caleulate the revolutions per min- 
ute at which the wheel should operate. Mount the required pulleys 
on the end of the spindle and on the motor (Fig. 12-2). The ten- 
sion of the belt should not be excessive to avoid damaging the 
spindle bearings. 

3. If a universal cylindrical grinding machine is used, the wheel slide 
base should be adjusted to feed the grinding wheel perpendicu- 
larly into the workpiece. 

4. Position the headstock and the footstock about the same distance 
from each end of the table and far enough apart to hold the work- 
piece approximately in the center of the table. 

5. Lock the headstock spindle. The workpicee is to be ground on dead 
centers or with both centers stationary. 

6. Inspeet the headstock and footstock (or tailstock) centers to make 
sure that they are in good condition. If the centers arc scored or 
not at the correct angle, they must be replaced. 

7. Set the swivel table to the zero position. This alone should not 
be relied upon to position the table for grinding a truc cylindrical 
surface. 

8. Inspect the center holes in the end of the workpiece. They must 
be elean and in good condition; otherwise accurate cylindrical sur- 
faces cannot be ground. Place a lubricant in the center holes at 
cach end of the work. If a proprietary lubricant is not available, 
white lead mixed with а small amount of lubricating ой makes ап 
excellent lubricant. 

9. Attach the correct size driving dog to the left end of the workpiece. 
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Place the workpiece between centers in the machine, First place 
the workpiece on the headstock center while holding the tailstock 
spindle back. Then slowly release the tailstock spindle and allow 
the tailstock center to come forward into the center hole of the 
workpiece. The spring tension in the tailstock spindle should be 
enough to hold the workpiece securely between cente 


|. Select a suitable work speed and adjust the headstock so that the 


drive plate will rotate at the required speed. 
Seleet the table traverse speed and adjust the machine to ope 
ме at this table speed. 

Весе the desired table dwell time and adjust the machine accord- 
ingly. In general, the length of time that the table should dwell 
(ог pause) at the end of each stroke is related to the speed of 
the table traverse. When the table traverse is relatively slow, 
а long dwell period should be used. When the table traverse speed 
is increased, the dwell period ean be shortened correspondingly. 
Adjust the length of the table traverse. The two dogs attached to. 
the front басе of the table are positioned to give the required 
length of table traverse. The table traverse should be long enough 
to permit the face of the grinding wheel to extend over the end. 
of the workpiece a distance of about one-quarter to one-half of 
the width of the grinding wheel. At the other end of the work- 
piece, the table should stop when the grinding wheel is appro 
mately 020 to 030 inch away from the shoulder. Whenever the 
grinding wheel approaches a shoulder, the length of the table tra 
erse ut the shoulder must be checked before starting to grind 
each new workpiece that is placed in the machine—even if iden- 
tical parts are being ground. Differences in the depth to which 
center holes are drilled will cause the lengthwise position of cach 
workpiece in the machine to vary. 

Select the desired automatic grinding wheel infeed rate and set 
the machine accordingly. For average conditions this should he 
2001 to 0015 inch per stroke for rough grinding and .0005 inch 
per stroke or less for finish grinding. Sometimes the infeed for the 
final finishing cuts аге made һу hand. Likewise, the infeed for the 
first cuts taken when the workpiece is set up should be made man- 
ually, 

Place the hack rests in position on the table, but do not place the 
back rest shoes against the workpiece at this time. 

Adjust the coolant nozzle to the grinding wheel. Place the splash 
guards in position at the front of the table. The splash guards are 
not shown in Fig. 12-5 

Start the grinding-wheel spindle. Stand to one side until the grind- 
ing wheel has reached its maximum speed. Turn on the flow of 
the grinding fluid, and allow it to flow over the grinding wheel 
for several minutes before starting to grind. 
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19. Start the driver plate of the wheel spindle to rotate, thereby ro- 
tating the work. 

20. Bring the grinding wheel carefully up to the workpiece until a 
few grinding sparks сап be seen to indicate that the wheel has 
just touched the workpiece. Contact between the grinding wheel 
and the workpiece can also be detected by sound. 

21, Engage the table traverse and allow the wheel to pass over the 
entire surface to be ground. 

22, Grind the workpiece until it is entirely cylindrical, using an infeed 
rate of not more than а .0005 inch per stroke. The infeed may 
һе made by hand at the end of each table traverse stroke, 

23, Measure both ends of the ground surface with micrometer calipers 
(Fig. 12-6). This is done to check if the machine is grinding a 
taper. 

24, If necessary, adjust the angular setting of the swivel table in or- 
der to position the headstock and tailstock centers во that they 
will not cause a taper to be ground. 

25. Repeat Steps 21 through 24 until the measurements at each end 
of the workpiece indicate that the machine is no longer grinding 
a taper. 


Crore of Cincinnati Meron 


Fig 12-6. Measuring the diameter of а surface oa plain cylindrical grinding machine, 
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26. Set the back rest shoes in position against the workpiece. 

27, Rough grind the workpiece until the diameter of the workpiece 
is within .002 to 005 inch of the required size. When this size 
is reached the grinding-wheel infeed should be stopped, but the 
table traverse is allowed to continue until the absence of grinding 
sparks indicates that the grinding wheel is no longer cutting. In. 
shop terminology this is called “sparking out.” 

28. Withdraw the grinding whee! and stop the rotation of the work- 
piece. 

29. Measure the diameter of the workpiece with micrometer calipers 

shown in Fig. 12-6. Calculate the amount that must be re- 
moved from the diameter of the workpiece to bring it to the re- 
quired size. 

30. Set the automatic grinding-wheel infeed mechanism to feed the 
wheel into the work at the required rate for finish grinding, 

Finish grind the workpiece to size. Feed the grinding wheel into 

the workpiece the necessary distance to grind it to the required 

ameter. Allow the wheel to spark out and then withdraw the 

wheel. Stop the rotation of the workpicce and measure its diameter 

with micrometer calipers. If a few more “tenths” must be ground 

off in order to obtain the required diameter, feed the wheel саге- 

fully up to the workpiece and then feed it manually into the work- 
picce to bring the workpiece to size. 

32. Grind the other surfaces of the workpiece. 

33, After the last surface has been ground on the final part, allow the 
grinding wheel to rotate at full speed for several minutes with the 
grinding fluid shut off. This allows the whee! to spin out most of 
the grinding fluid that has been absorbed during the course of the 
grinding operation. 

34. Clean up the grinding machine. Precision work cannot be done on 
dirty equipment. 


If the part to be ground has the same diameter for its entire length, 
опе end of the workpiece should be ground almost up to the driving dog. 
‘The workpiece is then turned around in the grinding machine, and the 
remaining end is ground to size. The remaining end is short and well- 
supported as it is close to the footstock. Therefore, it is relatively easy 
to grind the second end to match the first end. Parts with a number of 
shoulders should also be ground by grinding as many surfaces on one end 
ав possible before the second end is ground 
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Shoulder Grinding 

Shoulder grinding is an operation that is frequently performed on a 
cylindrical grinding machine. In some eases the shoulders are machined 
square on a lathe and are not machined in the cylindrical grinding ma- 
chine. In this case there is usually а neck or undercut of the cylindrical 
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surfaces adjacent to the shoulder which makes it unnecessary to bring 
the grinding wheel against the shoulder. There are several methods of 
grinding shoulders, and the method selected will depend upon the nature 
of the workpiece, the design of the grinding machine, and the experience 
of the operator. 

One method of grinding shoulders is to grind the cylindrical surface 
adjacent to the shoulder to the finish size. The traverse is stopped so that 
the grinding wheel is .010 to .030 inch away from the shoulder. After 
the last cut on the cylindrical surface, the table traverse is stopped with 
the grinding wheel adjacent to the shoulder. By carefully turning the 
table traverse handwheel, the table is moved toward the shoulder to grind 
away the excess metal remaining on the cylindrical surface until the side 
of the grinding wheel touches the shoulder. The shoulder is then ground 
to size with the side of the grinding wheel. 

А second procedure for grinding shoulders is to grind the cylindrical 
surface to finish size as before. When this surface is ground, the shoulder 
is brought to within O10 to .030 inch from the face of the grinding 
wheel. The grinding wheel is withdrawn, and the finished diameter is 
measured. When this diameter is known to be to size, the grinding wheel 
is brought forward until it is about 0005 to 001 inch away from the 
finished surface. The table is then moved by hand to grind off the metal 
remaining between the shoulder and the finished surface. The table trav- 
erse handwhee! is carefully turned until the side of the grinding wheel 
contacts the shoulder and grinds it to size. The grinding wheel is then 
carefully moved forward by manually turning the infeed handwheel un- 
til the shoulder blends perfectly with the adjacent cylindrical surface. 
‘Micrometer graduations on the infeed handwhect ean be used by noting 
the reading used to finish the cylindrical surface to size and then by bring- 
ing the wheel back to this reading when finishing the shoulder. 

Still another procedure is to grind the shoulder to size first. The grind- 
ing whee! is fed into the cylindrical surface immediately adjacent to the 
shoulder by plunge grinding, and this surface is ground to size. Then the 
remaining portion of the cylindrical surface is ground to size 

When shoulders are ground with the side of the grinding wheel, a cross- 
hatched pattern of grinding marks will appear on the shoulder. Often this 
is not objectionable. A better appearing surface and a better shoulder, 
however, ean be ground by positioning the grinding wheel at an angle of 
45 degrees as shown in Fig. 12-7. Some plain cylindrical grinding та- 
chines are built with an angular wheel slide which causes the wheel to 
be held in the angular position permanently. On universal cylindrical 
grinding machines the wheel slide base is positioned so that the infeed 
of the grinding wheel will be perpendicular to the axis of the workpiece. 
‘The wheel spindle head is positioned at 45 degrees. The grinding whee! 
is mounted on the right-hand side of the spindle, and the pulleys are 
mounted on the left-hand side. 

‘The advantage of this method of grinding shoulders is that the shoulder 
is ground with the face instead of the side of the grinding wheel, Thus, 
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Fig. 12-7, Grinding а shoulder on а universal cylindrical grinding 
the grinding wheel positioned at an angle of 45 degrees 


the erosshatehed grinding wheel marks are as 
a scrateh-free surface. The shoulder and the су! 
ground with the wheel positioned in this manner. Figure 12-8 shows how 
large shoulders ean be ground by this method, 

An important factor in grinding shoulders by this method is the cor- 
rect truing and dressing of the grinding wheel. The diamond is mounted 
in the table wheel truing fixture (sce B, Fig. 12-3), and the fixture is 
fastened to the grinding-machine table. With the grinding wheel pos 
tioned at the 45-degree angle, the grinding wheel is trued by moving the 
diamond across the face of the wheel using the traverse movement of the 
table, Slightly more than one-half of the width of the face of the grind- 
ing wheel should be trued in this manner. This surface of the grinding 
wheel is used to grind the cylindrical surface of the workpiece. The sur- 
face of the grinding wheel that grinds the shoulder is trued next by turn- 
ing the diamond in the holder toward the left side of the wheel. The left 
side of the face of the grinding wheel is then trued by moving the grind- 
ing wheel in and out across the diamond with the infeed handwheel. A 
V-shaped form is thus trued on the grinding wheel. The two surfaces on 
the face of the wheel arc 90 degrees with respect to each other, and the 
width of the two faces is approximately equal. 


сһ.12 CYLINDRICAL GRINDING 361 


Either of the first two methods of grinding shoulders сап be used when 
the width of the face of the shoulder does not exceed the width of the sur- 
face of the grinding wheel that is in contact with the shoulder. Larger 
shoulders are ground by moving the grinding wheel in and out across 
the face of the shoulder with the infeed handwheel. This procedure is il- 
lustrated in Fig. 12-8. Regardless of which procedure is used, the shoulders 
and the eylindrical surfaces produced by grinding with the grinding wheel 
at an angle will have an excellent surface finish. 

Whenever possible all shoulders should be ground by having the pres- 
sure of the grinding wheel directed toward the headstock. Sometimes, 
however, it is necessary to grind a shoulder with the grinding-wheel pres 
sure directed toward the footstock. In this ease the footstock spindle must 
be clamped firmly in place, as the pressure of the grinding wheel will tend 
to move the footstock spindle backward and thus cause the workpiece 
to become loose. 


Taper and Angle Grinding 
‘The most accurate method of finish machining external tapers is by 
grinding on a cylindrical grinding machine. This is also usually the most 
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Fig. 12-8 Grinding the face of a large shoulder with the grinding wheel positioned 
at 45 degrees. 
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rapid method of finishing external tapers. Tapers are ground by position- 
ing the swivel table at the required angle, thereby positioning the work- 
piece at an angle with respect to the motion of the table traverse as shown 
їп Fig. 12-9, The sliding table traverses hack and forth in the usual man- 
ner. In Fig. 12-9 the taper on a milling-machine arbor is shown being 
ground, A graduated scale at the end of the table сап be used to set the 


Courter of the Brown d Sharpe Manufacturing Company 


12-0. Grinding a taper on a milling-machine arbor by offsetting the swivel table. 


table to the correct angle. This scale should not be relied upon to obtain 
extremely accurate settings. It is graduated in degrees and in taper per 
foot. 

Accurate external tapers, such as in Fig. 12-9, are ground to fit a taper 
ring gage or to fit the taper in a mating part. Sometimes, when a taper 
ring gage or a mating part is not available, the taper must be measured 
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on a sine plate or a sine bar. A step-by-step procedure for grinding a ta- 


per follows: 


1. Set the swivel table to the angle of the taper as accurately as pos- 
sible using the scale at the end of the swivel table. 

2. True and dress the grinding wheel. 

3. Mount the workpiece between dead centers in the same manner 
as for grinding a cylindrical surface. 

4. Adjust the table traverse speed, the length of the table traverse, 
the dwell, and the grinding-wheel infeed to the desired settings. 


Fig. 12-10. Grinding a steep taper on a universal e 
the wheel slide to traverse the grinding wheel over the taper. 


5, Start the rotation of the grinding wheel, and allow it to rotate for 
a few minutes with the cool 

6. Start the spindle driver plate, thereby rotating the workpiece. 

7. Bring the wheel forward carefully by turning the infeed hand- 
wheel until the grinding wheel just touches the workpiece. 

8. Engage the automatie table traverse and take a light cut across 
the taper, feeding the wheel into the work by hand. 
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|. Repeat Steps 7 through 13 until the angle of th 
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When the entire surface of the taper has been ground, allow the 
grinding wheel to spark out. Then withdraw the wheel from the 
workpiece. 

Dry the taper, removing all traces of the coolant, and rub a thin 
layer of bluing over the surface of the taper. If no bluing is avail- 
able, ordinary board chalk ean be used as  substitute—although 
the use of bluing is preferred. Make four chalk marks 90 degrees 
apart lengthwise along the taper. 

Remove the workpiece from the grinding machine, and place a 
ring gage over the taper. Wring the gage on the taper and then 
remove it 

“Read” the fit of the taper ring gage on the taper. If the bluing 
ог chalk is rubbed off more at the large diameter of the taper than 
at the small diameter, the taper is too steep. If more is rubbed 
off on the small diameter, it is not steep enough. When an even 
amount is rubbed off along the entire length of the taper, the taper 
is correct. When holding-type tapers are correct, the gage will 
stick firmly to the workpiece and must be driven off with a soft 
hammer. 

Make the necessary adjustment to the swivel table in order to 
correct any error in the taper as determined in Step 12. 

taper is correct. 
Grind the taper to size. The size of the taper is determined by the 


and a seht taper а one setup on а universal 
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distance that the ring gage will fit onto the taper. This will re- 
quire the workpiece to be removed several times to gage the di- 
ameter by fitting the ring gage over the taper. Subsequent pieces. 
сап be ground by eliminating Steps 7 through 14. The size of the 
taper should, however, be checked before it is finish ground to 
size 


А steep taper can be ground on a universal eylindrical grinding ma- 
chine by positioning the grinding-wheel slide at the required angle as 
shown in Fig. 12-10. The grinding wheel is moved back and forth across 
the taper with the wheel slide by means of the infeed handwheel. The 
workpiece is fed into the grinding wheel by moving the table slightly 
with the table traverse handwhcel By using both the wheel slide and 
the offset table, it is possible to grind a steep taper and a slight taper in 
опе setup as shown in Fig. 12-11. The wheel slide must be set at the angle 
that is the complement of the difference between half of the included 
angle of one taper and half of the included angle of the other. For example, 
if the included angle of the steep taper is 50 degrces and the included 
tangle of the slight taper is 10 degrees, the whec! slide must be set at the 
following angle: 


Courtesy of the Brown & Sharpe Manufacturing Company 


Fig. 12-12. Grinding an angie or steep taper on а part by setting the headstock 
at the required angle 
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=" 
‘The grinding wheel is trued with one face parallel to the surface of the 
steep taper and the other face parallel to the table traverse motion. 

‘Angular surfaces and tapers can also be ground on a universal eylindri- 
cal grinding machine by positioning the headstock at the required angle, 
ав shown in Figs. 12-12 and 12-13. In Fig. 12-12 the workpiece is clamped 
to а face plate which is mounted on the headstock. Centers for grinding 
machines and lathes can be conveniently and rapidly ground by the set- 
up shown in Fig. 12-13. The center is placed in the taper of the headstock 
spindle which is made to rotate as the cone point of the center is being 
ground. 

Flat surfaces can be ground on the universal cylindrical grinding m 
chine as seen in Fig. 12-14. The workpiece in this case is mounted on a 
magnetic chuck and the headstock is positioned 90 degrees with respect. 
to the table ways, Parts ean be ground in a similar manner while held 
оп faceplate or in а chuck. This operation is called face grinding, 


Internal Grinding 
Straight and tapered holes сап be ground on a universal grinding та- 
chine as shown in Figs, 12-15 and 12-17, The internal grinding spindle is 


Courter ofthe Brown & Sharpe Manufacturing Company 


Fig. 12-13. Grinding а center on a universal cylindrical grinding machine. 
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lowered and clamped into position. The workpiece is held in a chuck or 
оп а faceplate. Long workpieces must be given additional support by а 
steady rest or center rest as shown in Fig. 12-16. For grinding straight 
holes, the swivel table and the axis of the headstock spindle must be set 
parallel with the longitudinal table traverse. The length of the table trav- 
erse should be adjusted to allow the internal grinding wheel to pass 
partly out of the hole at each end unless the inside end of the hole is not 
open. The distance that the face of the wheel should pass out of the hole 
should be about one-fourth to one-half of the width of the face of the 
wheel. If the inside end of the hole is not open or “blind,” the dwell at 
that end of the hole should be made slightly longer than at the open 
end of the hole. A relatively short dwell is usually used at open ends of 
holes. The headstock should be set for the correct work speed, and the 
grinding wheel should be trued using a table-type truing fixture (B, Fig, 
12-2) to make sure that the face of the whee! is parallel to the bore. 
When all of the preparations have been completed, start the work to 
rotate, and feed the grinding wheel into the hole by hand. Then engage 
the power table traverse and feed the wheel into the work by hand, When 
the wheel has started to grind, the automatic infeed сап be engaged or 
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ing on а universal cylindrical grinding machine 
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Fig. 1245. Internal grinding on a universal grinding machine 
grinding head permanently attached to the machine 


the hole сап be enlarged by infeeding manually. When the cut is finished, 
allow the wheel to spark out and then withdraw the wheel from the work 
by hand. The size of the hole is obtained by taking trial cuts and measur- 
ing the diameter. If several holes with the ваше diameter are to be 
ground, the wheel infeed stop can be used. The infeed stop is set to dìs- 
‘engage the automatic infeed when the diameter of the hole is to size. Al- 
lowance should be made for wheel wear and for the dressing of the wheel. 

One problem encountered in grinding internal holes is that the hole 
sometimes becomes larger at each open end. Holes in this condition are 
called "bell-mouthed" holes. The problem is caused by the difference in 
pressure of the grinding wheel against the side of the hole when the wheel 
approaches the end of the hole. It can be prevented by taking relatively 
light cuts in order to reduce the wheel pressure, by reducing the length of 
time that the table dwells at each reversal, by reducing the distance that 
the wheel is allowed to pass out of the hole at the end of each stroke, 
and by allowing the wheel to spark out before it is entirely withdrawn 
from the hole. If, for some reason, the wheel cannot be allowed to spark 
out, it should be backed away from the side of the hole before it is with- 
drawn out of the hole. Another eause of bell-mouthed holes can be loose- 
ness in the grinding-wheel spindle. 
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Internal grinding а hole in a long workpiece which is supported by 
а steady rest 


Tapers and internal conical surfaces or angles can be ground in much 
the same manner as external tapers or angles. Slight tapers are usually 
ground by setting the swivel table to the required taper or angle. The 

angle of the taper and the size of the taper are checked with a taper plug 
gage. Steep tapers can be ground by positioning the headstock at the re- 
quired angle or by positioning the wheel spindle head and the wheel 
slide base in the same manner as for grinding external tapers. It is pos- 
sible to grind a straight and a tapered hole in one setup as shown in Fig. 
12-17. Two operations are, however, required. The wheel spindle head 
is set so that the internal spindle is parallel to the longitudinal traverse, 
and the wheel stand is set parallel to the side of the tapered holes. The 
grinding wheel is dressed so that the leading edge is parallel to the side 
of the tapered hole, and the back portion is parallel to the side of the 
straight hole. The straight hole is ground with the power longitudinal 
table traverse used, and the wheel infeed is made by hand or automati- 
cally. The tapered hole is ground by the manual eross-slide movement 
of the wheel head, and the infeed is accomplished by а slight longi- 
tudinal table movement. 


Form Grinding 
Contoured surfaces can be ground on cylindrical parts by truing the 
grinding whecl to a contour that reflcets the required shape on the part. 


з70 CYLINDRICAL GRINDING Ch. 12 


Fig 12-17. Internal grinding а straight and tapered hole in one setup. 


Form grinding is performed by plunge grinding the formed grinding wheel 
into the workpiece, as shown in Fig. 12-18. On this job the workpiece is 
held in a collet chuck that is mounted in the headstock of the grinding. 
machine. 


Centerless Grinding 

Many cylindrical parts сап be ground on centerless grinding machines. 
like the one shown in Fig. 12-19. The work is supported on a work rest. 
blade between а grinding wheel and а regulating wheel The grinding 
wheel does the grinding by operating at а surface speed of 5,500 to 6000 
feet per minute. The regulating wheel, made from а rubber-bonded abra- 
sive, operates at a relatively slow speed of 50 to 200 feet per minute. This 
regulating wheel acts as а brake to counteract the tendency of the work- 
piece to spin rapidy because of the action of the grinding wheel. The speed 
of rotation of the work is regulated by the regulating wheel. The regu- 
lating wheel is set at a slight angle, which imparts а lateral motion to the 
workpiece and thereby causes it to feed through the machine. The center- 
line of the workpiece is generally held above the centerline of the grind- 
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ing and regulating wheels by the work rest blade. Although sometimes 
the centerline of the work is held below the centerline grinding or regu- 
lating wheels, the centerline of the work is never at the same height as 
the centerline of the two wheels, 

‘An advantage of the centerless grinding method is that long slender 
workpieces are supported between the two wheels and therefore do not 
deflect. Another advantage is that the machine can be very rapidly loaded 
and unloaded. In many cases а continuous flow of parts can be made to 
pass through the machine so that high production rates can be achieved. 
Of course, the time required for making the setup on centerless grinding 
machines is generally greater. The three methods of centerless grinding, 
called through-feed, in-feed, and end-feed, will be described in the follow- 
ing section 

Through-feed Method. The through-feed method can be used when the 


Fie 1248. Form grinding by: plu 
workpicee, whi 


grinding the formed grinding wheel into the 
in held in а colle chuck. 
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Fig. 12-19, Centerless grinding the outside diameter of tubing. 


parts can be passed completely through the machine, as shown in Fig. 
12-19. Other parts that ean be ground by the through-feed method include 
automotive wrist pins, mortar shells, and a drill rod. The work is moved 
through the machine by the angularity of the regulating wheel. The rate 
of feed depends upon the speed of the regulating wheel and its angular 
adjustment. It may be necessary to pass the work through the machine 
more than once, tlie number of passes 
to be removed, the roundness and straightness of the un 
the limits of accuracy required. Sometimes several centerless grinding 
machines he workpieces are made to pass from 
опе direetly into another 
In-feed Method. When. 
than the ground di 
method is similar to plunge-cut grinding on a суйт 
chine, The length of the surface that can be ground is limited to the width 
of the wheel. There is no axial feeding movement, and the regulating 
wheel is positioned with its axis approximately parallel to that of the 


ide, or some larger 


meter, the 
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grinding wheel—there being a slight inclination to keep the work tight 
against the end stop. The regulating wheel is moved toward the work- 
piece and feeds it into the grinding whee to reduce its size. 

End-feed Method. The end-fced method is applied to taper work. The 
grinding wheel, regulating wheel, and the work rest blade are set in a fixed 
relation to cach other, and the work is fed in from the front mechanically 
or manually to a fixed stop. 


Cylindrical Grinding Technology 

Certain variables encountered frequently in cylindrical grinding will 
be given some further consideration in this section. The cylindrical grind- 
ing machine operator must understand these factors because he must con- 
trol them when be operates the machine. The performance of the grinding 
wheel was treated in detail in Chapter 11 and should be reviewed. Al- 
though this performance will not be considered in detail in this section, 
it, too, has а significant influence on the eylindrieal grinding operation 

Work Speed. The work speed for cylindrical grinding should be ap- 
proximately 15 to 100 fect per minute. Inereasing the work speed will 
make the grinding wheel act softer and will usually result in an increased 
rate of production. The surface finish produced at a higher work speed 
is somewhat inferior to the surface produced at a slower work speed, For 
this reason the work speed is sometimes reduced to a very slow speed 
for taking the final finishing cuts on the work. Excellent surface finishes 
can be obtained by using а very slow work speed. Fast work speeds сап 
sometimes be the cause of chatter and vibration, whieh must be elimi- 
nated by reducing the speed. In general the work speed should be as fast 
ав possible for rough grinding and much slower for finish grinding. 

Traverse Length. The traverse length should be slightly more than the 
length of the surface being ground so that the wheel extends beyond the 
ends of the surface about one-quarter to one-half of the width of the 
wheel. If there is a shoulder at one end of the cut, this, of course, is im- 
possible. If the grinding wheel docs not overlap the end of the work, 
there is а tendency for the ends to grind large. If the wheel overlaps too 
much, the end may be ground too small. 

Traverse Speed. The traverse speed affecte the rate of grinding and 
the surface finish obtained on the workpiece. The traverse speed should 
not exceed three-quarters of the width of the wheel face per revolution 
of the work. Usually it is best not to exceed one-half of the width of the 
‘wheel face per revolution of the work for rough grinding and onc-eighth 
of the width of the wheel per revolution or less for finish grinding. In 
general, the depth of eut or infeed can be increased when the traverse 
speed is reduced. A slow traverse speed will result in a better surface finish 
than а fast traverse speed—whieh can cause the work to chatter, es- 
pecially on long slender workpieces. A faster traverse speed combined 
with a slow infeed rate сап be used to grind slender workpieces when it is 
possible to use а wide grinding wheel, which tenis to stabilize the work- 
Piece. Another technique used to grind slender workpicece is to true the 
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grinding wheel so that it will have a slight taper at one end and to traverse 
the workpiece into the tapered end of the grinding wheel using a very 
heavy infeed per pass аі a very slow traverse speed. The infeed i made 
at only one end of the workpiece, which ean be ground to size by this 
method in a few passes only, often in а single pass. To we this method, 
however, the part configuration must allow the grinding wheel to over 
travel at hoth ends. 

Duell. Dwell is the time that the table pauses at the end of each trav- 
erse before it reverses. The purpose of the dwell is to lessen the shock 
of the table reversal and to grind the diameter to a uniform size. De- 
pending upon the traverse speed, the leading surface of the face of the 
grinding wheel does the bulk of the grinding. The trailing surface on the 
face of the wheel cleans up the work and reduces it to size. Since the wheel 
does not completely pass over the end of the work, the trailing surface 
of the wheel sloes not clean up and reduce the surface of the work to size 
at each end of the traverse. The dwell allows the wheel to pause long 
enough at each end of the traverse for the wheel to finish the ends to size. 

Grinding-Wheel Infeed. The amount of infeed of the grinding wheel 
per table traverse is dependent upon many factors. Among these factors 
are the surface finish required on the work, the type of grinding wheel 
used, the size and rigidity of the workpiece, and the traverse speed. No 
hard and fast recommendation ean be made that will ft every situation. 
Other factors to be considered ins are the required 
эй the support provided 
to the workpiece by back rests, The infeed must be reduced when grinding 
dry in order to prevent the workpiece from overheating, which could eause 
metallurgical damage on the surface of the work. Depending, on these 
factors the infeed for rough grinding may be from .001 to 005 inch (0025 
to 0.13 mm) per pass and for finish grinding 0001 to 0005 inch (0002 to 
0,013 mm) per pass. In general, deeper cuts are taken for rough grinding 
and the infeed rate is deereased for finish grinding. If the workpiece has 
а shoulder at one end, the infeed should take place only at this end to- 
gether with a suitable dwell period to give the grinding wheel the required 
time for stock removal in the absence of overtravel. 

Centers and Center Holes. The condition of the grinding-machine cen- 
ters and the center holes in the workpiece have a great effect on the ac- 
‘curacy of the workpiece. Accurate cylindrical grinding is impossible when 
either the machine centers or the workpiece center holes are in poor соп- 
dition or are dirty. Since the work rotates on the centers, any unevenness 
or roughness in the rotation will be immediately reflected on the surface 
being ground 

The centers should contaet the conical surface center holes for the en- 
tire length of the 60-degree cone surface in the hole. In other words, the 
included angle in the center hole and on the center must be exactly 60 
degrees. If this is not the ease, the workpiece will not be held in place 
as rigidly as possible by the centers. This can cause chatter and increase 
the chance for the work to deflect away from the grinding wheel. Fur- 
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thermore, the center and the center hole will wear very rapidly, which 
results in inaccuracy on the surface being ground. In many modern ma- 
chine shops the center holes are finished by grinding on special center 
hole grinding machines before the part is ground on  eylindrical grind- 
ing machine, In all eases the condition of the centers and the center holes 
must. be checked, and any deficiencies corrected before proceeding with 
the cylindrical grinding operati 

Warming Up. The cylindrical grinding machine should be allowed to 
run for а few minutes before precision work is attempted. This allows 
the temperature of the moving parts and the oil to stabilize. It is particu» 
larly important that the grinding wheel be allowed to run with the cool- 
ant flowing over the wheel, because the grinding wheel will operate dif- 
ferently depending upon whether it is dry or wet. Thus, if the grinding 
is started with the wheel dry and the coolant is then turned on, it could 
cause a variation in the diameter of the workpiece being ground. It is 
equally important that the grinding wheel be allowed to run for а few 
minutes with the coolant shut off before shutting down the grinding ma- 
chine for а longer period of time. This is done to allow the grinding wheel 
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Fig. 12-20, A hand caliper gage for continuously measuring the diameter of 
the workpiece as й is being ground, 
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to expel as much of the absorbed coolant as possible by the centrifugal 
action of the wheel. If this is not done and the wheel is standing still for 
а long period of time, the absorbed coolant will settle in the lower part 
of the wheel and cause it to be unbalanced when it is started up the next. 
time. Of course, the wheel will regain the balanced condition when it h 
run for some time with the coolant on. 


Grinding Machine Gaging Systems 

There are a number of cylindrical grinding machine gaging systems 
available which continuously measure the diameter of the workpiece as 
the part is being ground. A hand caliper gage is shown in Fig. 12-20. The 
hand on the dial indicates the size of the workpiece as it is being ground. 
This gage can be used to measure the outside diameter continuously dur- 
ing plunge grinding, as shown, or during traverse grinding. It сап be used 
over interruptions on the work cireumference, and it can measure the 
diameter of a taper from a shoulder. 
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Surface Grinding 


The grinding of plane or flat surfaces is known as surface grinding, A 
variety of sizes and types of surface grinding machines are used to grind 
both large and small workpieces. As an example, the faces of some large 
steam turbine casings are rough and finish machined on a surface grind- 
ing machine with an abrasive wheel used to perform both the rough and 
finishing operation. Hardened machine tool ways are finish machined by 
grinding as shown in Fig. 13-3. Perhaps the most extensive application of 
the surface grinder is found in the toolroom, where tools, dics, and gage 
are made. Since many of these parts are hardened, the only practic 
method of finishing them to close dimensional tolerances and a good sur- 
face finish is by grinding. The surface grinder is almost indispensable in 
the toolroom. 


Surface Grinding Methods and Machines 

The basie methods of surface grinding arc shown in Fig. 13-1. Surface 
grinding machines are constructed to grind surfaces by one of these 
methods, The most common method of surface grinding is seen at A, 
Fig. 13-1 and in Fig. 13-3. The table moves back and forth longitudinally 
below the grinding wheel. At the end of cach longitudinal movement, the 
saddle, upon which the table is mounted, moves an increment across the 
workpiece usually from 010 to .050 inch. This feed is called the cross- 
feed. On some surface grinding machines, such as shown in Fig. 13-3, the 
cross-feed is obtained by moving the wheel instead of the table. The wheel 
сап be moved up and down vertically to establish the depth of cut and to 
grind the workpiece to the required size. This motion is called the down 
feed. 

The plunge cut method of grinding is illustrated in Fig. 13-1, view B. 
This method is primarily used to grind narrow surfaces that are less wide 
than the grinding wheel. The wheel is fed a small increment downward 
into the workpiece at the end of each longitudinal stroke of the workpiece 

Figure 13-1, C, shows a method of surface grinding which is used to 
grind large castings such as crankcase covers, erankeases, gear cases, and 
similar work. The face of the grinding wheel is brought into contact with 
the work, although most of the stock is removed by the edge of the wheel 
In many instances the grinding wheel is made from a number of smaller 
segments held on a dise-shaped wheel head. On some machines of this 
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Fig 131. Different methode used to grind piane surface, 


type the table is reciprocated back and forth past the grinding wheel 
while on others the column supporting the grinding-wheel spindle is moved 
back and forth. An advantage of this method of grinding is the large 
surface area of the workpiece that can be ground in one pass of the work 
or the wheel. Some surface grinding machines of this general type have а 
vertical spindle instead of а horizontal spindle. Rotary surface grinding is 
shown at D, in Fig. 13-1; the table of a rotary grinding machine rotates 
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while the grinding wheel slowly moves toward and away from the center 
of the rotary table. This method is used to grind the sides of dise-shaped 
workpieces. 

The method shown at E, Fig. 13-1 is frequently used to grind both 
large and small workpieces. A machine of this type is illustrated in Fig. 
13-4. The work table has a rotary movement, and the wheel head is fed 
down a certain amount for each revolution of the table. The grinding 
wheel may be cylindrical, as shown, or it may be of a segmental type. The. 
wheel heal may be positioned vertically or given a slight tilt. Tilting the 
head permits increasing the grinding wheel penetration which results in 
faster rates of stock removal. The grinder in Fig. 13-4 has a wheel head 
that can be tilted for rough grinding so that the maximum horsepower is 
concentrated on the leading edge of the grinding wheel to allow deeper 
penetration. After the work is ground to within а few thousandths of an 
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Fig 132. Modern surface grinding machine equipped with digital readout 
of the wheel head. 
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Fig 13-3 Large double-spindie surface grinding machine used to grind 


inch of the final size, the wheel can be quickly returned to the vertical 
position for finish grinding. Finish grinding with a flat wheel removes all 
concavity produced by the elliptical generating plane of the wheel. Sur- 
face grinding machines of this type are used to grind flat plates as well as 
large castings. Also, it is possible to grind a large number of smaller parts 
simultaneously on these machines. The work-holding surface is usually 
a cireular magnetic chuck. On some machines designed for mass produc- 
tion two or more wheel heads are mounted around the circular table so 
that the workpiece can be ground to finish size in one revolution of the 
table. 

‘The surface grinding machine shown in Fig. 13-2 is equipped with а 
digital readout which displays the position of the grinding wheel relative 
to the working surface of the machine. After a workpiece is ground to а 
convenient size and measured, the display is adjusted to show this size 
‘The wheel head can then be moved up or down, and the display will 
always show the relationship between the grinding wheel and the work- 
holding surface. 

The large surface grinding machine in Fig 13-3 has two spindles 
mounted between three massive box-type columns. The axis of one of the 
spindles is horizontal. The second spindle is a vertical spindle which can 
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be swiveled up to 55 degrees on either side of the vertical position. Hori- 
zontal and angular surfaces of ways, dovetails, and V-blocks, as well as 
other machine parts, ean readily be ground. 


Table Speed, Cross-Feed, and Down Feed 

The table speed—the velocity of the lengthwise or longitudinal travel 
of the table—is usually specified in feet per minute, although on many 
machines this speed cannot be set precisely. In this case, the grinding- 
machine operator must judge whether the table is moving at a slow or fast. 
speed. The table speed available varies for different makes of surface 
grinding maci ind on some machines the longitudinal or lengthwise 
travel of the table can only be actuated manually. Often the automatic 
longitudinal table movement is actuated by a hydraulic mechanism with 
the speed generally ranging from 0 to 100 or 150 feet per minute, 

The cross-feed on many machines can be actuated automatically while 
оп others it can only be actuated manually. The automatic eross-feed 
can be accurately controlled ranging from 0 to 250 inch or more per table 
reversal. Micrometer dials make it possible to obtain very accurate move- 
ments of the eross-feed. Some machines are equipped with an automatic 
down-feed mechanism, although on most surface grinders the down feed 
of the grinding wheel is done manually. Precise adjustments of the down 


Fig. 13-4. Vertica-spindle rotary-table-type surface grinding machine 
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feed can, however, be made. Vertical adjustments of the down fecd can 
be made by reading the micrometer dial of the elevating or down-feed 
hhandwhee! which is usually marked in increments of 0001 or 0002 inch 
per graduation 

Tt is not possible to give recommendations for the table travel, cross- 
deed, and down feed (or depth of eut) to be used except in some specific 
instances. These three cutting conditions for surface grinding are inter- 
related with each other. For example, increasing the depth of cut gen- 
erally requires a reduction in the eross-feed; decreasing the depth of cut 
and the table speed permits an increase in the cross-feed. Of equal im- 
portance in determining the cutting conditions are the size and rigidity 
of the machine, the condition of the machine (especially the spindle), the 
type of grinding wheel used, the workpiece material, and whether a rough- 
ing or a finished cut is being taken. In general, the depth of cut for fin- 
ishing cuts should be .0001 to 0002 inch; the table speed should be fast, 
and large eross-feed increments should be used. The wheel should be 
allowed to spark out on the final finishing cut by passing it over the 
workpicee one or more times without any down feed. 


‘The Magnetic Chuck 

Magnetic chucks are used extensively on surface grinding machines 
because they provide a convenient and accurate method of holding steel 
and cast-iron parts. One of the major advantages of the magnetic chuck 
is the speed of loading and unloading the workpieces. The need for special 
clamps and other holding devices is eliminated or reduced. The workpiece 
is held onto the face of the chuck by the magnetic field; however, it is the 
friction between the workpiece and the chuck surface that prevents the 
workpiece from sliding as a result of the grinding pressure. Only magnetic 
materials can be held on the magnetic chuck. Brass, bronze, and other 
nonmagnetic materials cannot be held directly by the chuck. 

The two basie types of magnetic chucks are the permanent magnet 
chuck and the electromagnet chuck. The permanent magnet chuck, usually 
made only in smaller sizes, has the advantage of not requiring a rectifier 
and other electrical apparatus. Permanent magnets made of special alloys 
are actuated by simply turning a lever 180 degrees. A permanent magnet 
chuck is shown in Fig. 13-5. A permanent magnet chuck can be mounted 
оп sine plates (Fig. 13-14), which provide a convenient method of hold- 
ing workpieces to be ground at an angle. 

Electromagnetic chucks are made in all sizes. Since they operate on 24, 
110, or 220 volt direct current, they require a rectifier to change the 
alternating current to direet current. A simple turn of a switch turns the 
chuck on or ой. Large workpieces could be difficult to remove from the 
magnetic chuck because of residual magnetism. Some electromagnetic 
chucks are made to vary in holding power, which is useful in holding thin, 
warped workpieces. 

"The face of the magnetic chuck forms a true reference and locating 
plane on which workpieces can be accurately aligned. The magnetic 
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Conran of the Brown & Sharps Manufacturing Company 
Fig. 13-5. A permanent magnet chuck-mounted on the table of a surface grinding 
machine. The two castings are held 1o the face of the chuck by the magnetic force 


hie Я 


chuck is aligned on the surface grinder in a longitudinal or lengthwise 
direction by two keys on the bottom which fit in the T-slots of the table. 
‘Two removable stop plates attached to two sides of the chuck (Fig. 
13-10) сап be adjusted vertically to suit the size of the workpiece. They 
сап also be used to align the workpiece on the chuck face. 

In order to do the precise work that the surface grinder is capable of, 
the surface of the chuck must be parallel with the saddle and the table 
ways. Any scratches and burrs must also be removed from the chuck 
surface. For these reasons it is occasionally necessary to regrind the top 
surface. In any ease, the top surface of the chuck should be reground 
every time the chuck is mounted on the table of the machine. The surface 
of a magnetic chuck is shown being ground true in Fig. 13-6. The chuck 
should be ground in the machine on which it is to be used. The grinding 
is done with an aluminum oxide grinding whee! with a medium grit, a 
medium to soft grade, and a medium structure (A-46-H-8 or si 
The grinding whee! should be dressed fairly coarse or open. A medium 
table speed of 35 to 60 feet per minute should be used. Sometimes an even 
slower table speed will give better results. The eross-feed should be ap- 
proximately 005 to 015 inch per table reversal. When the finishing 
cuts are taken, the table speed and the eross-iced should be increased. 
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af the DeALL Compons 
Fig 13-6 Grinding the top surface of a magnetic chuck true. 


‘The depth of eut or down feed should not exceed 0004 inch per cut for 
the first “roughing” cuts and .0001 to 0002 inch for the finish cuts. The 
grinding wheel should be allowed to spark out by allowing it to traverse 
across the entire surface of the chuck one or more times without any down 
feed. Tf available, an ample supply of coolant should be used. It is very 
important to have the magnet turned on when performing this grinding 
operation. The amount of stock removed from the chuck by this operation 
should be no more than is necessary to produce a good fat surface. Usu- 
ally this can be done by grinding off no more than 001 to .002 inch. An 
indication that the grinding wheel has ground the entire surface of the 
chuck ean be obtained by rubbing a thin layer of red lead, Prussian blue 
paste, or a proprietary compound such as Dykem Hi-Spot Blue over the 
surface of the chuck before the final “sparking out” cut is taken, If the 
entire surface has been ground the bluing or red lead will be removed. 
Any that remains indicates an unground surface or a low spot which 
must be removed by further grinding After the surface has been ground 
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the edges should be lightly hand-honcd using a medium India oilstone or 
а black granite deburring stone. 

The finished surface of the chuck should have a dull or nearly polished 
appearance. It should not be highly polished, and no burned, glazed, ог 
dull areas should be visible. The flatness of the surface ean be tested with 
а precision straight edge. Three narrow strips of thin paper are placed 
between the edge of the straight edge and the top of the chuck, One strip 
of paper is placed at each end of the straight edge. The strip of paper in 
the center must be held tight when pulled with one hand while the other 
hand holds the straight edge on the chuck with a light pressure. If the 
strip of paper in the center is loose, the surface is not flat. The chuck 
should be checked in several positions along two directions in this manner. 
Another method of checking the flatness of the chuck is to indicate the 
surface with a dial test indieator which is fastened to the wheel guard. 
The surface on the face of the magnetic chuck must be smooth and fat; 
otherwise it will not be possible to do very precise work on the surface 
grinder. Although the occurrence of seratches or dents on this surface must. 
be avoided as much as possible by exercising care in mounting workpieces 
оп the chuck, they do occur. Small seratches and dents that appear should 
immediately be removed with a fine oilstone or a black granite deburring 
stone. 


Loading the Magnetic Chuck 

The holding power of a magnetie chuck depends upon the strength of 
the magnetie field and upon the area of contact between the chuck and 
the workpiece. As previously stated, the magnetie field holds the work- 
piece aguinst the face of the chuck, but the workpiece is prevented from 
sliding by the frictional resistance between the workpiece and the chuck 
face. A larger area of contact between the workpiece and the chuck face 
will allow the magnetic field to exert a greater pull on the workpiece, 
which in turn will inerease the total amount of frictional resistance. If 
the shape of the workpiece is such that only a relatively small area is in 
contact with the surface of the chuck, the holding power of the chuck is 
reduced. In such instances the workpiece should be blocked. This is done 
by placing pieces of steel against the sides of the work so that in effect 
the workpiece is nested by the steel blocks. Such blocks must be low 
enough to be below the surface to be ground. It is good practice to block 
even larger workpieces as a safeguard against a failure of the electrie 
current. In many eases the workpiece is placed directly onto the surface 
of the chuck. The frictional resistance with whieh the work is held ean be 
increased by placing a sheet of good quality paper between the surface 
of the chuck and the workpiece. This method of mounting the workpiece 
on the ehuck is particularly effective in holding narrow and thin work- 
pieces. 

The surface of the chuck consists of a steel plate in which brass or lead 
strips have been placed. On circular chucks these strips are round, 
forming a series of concentrie rings. The steel adjacent to the brass or lead 
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strips forms a magnetic pole when the swiuch is closed. The workpiece 
should be placed on the chuck so that it will span at least one of the 
brass or lead strips. Larger workpieces should be placed on the chuck to 
span as many of these strips as possible, and narrow and thin workpieces 
in particular should span as many strips as possible. They should be 
adequately blocked and have paper placed between the part and the s 
face of the chuck. If more than one workpiece is to be mounted on the 
chuck, they should be positioned with some regard to the brass or lead 
strips as explained above. Furthermore, they should be placed in a regular 
pattern, if possible, in order to reduce the amount of time that the grind- 
ing wheel is actually not cutting. 

"Phe magnetie chuck should be thoroughly wiped off after each load in 
order to dry and clean the surface. Before а new loud is placed on the 
chuck, the surface on whieh the part or parts are to be placed should be 
checked by rubbing it with the bare hanc. In this way small particles of 
dirt or burrs raised from small scratches or dents will be detected which 
would otherwise go unnoticed and whieh would cause inaccuracy in the 
location of the work on the chuck. Such inaccuracy will cause the surface 
to he ground not parallel with the surface placed against the chuck face. 
Great care should be exercised in moving workpieces, accessories, and 
blocks off and onto the chuck so that the surface of the ehuek will not be 
scratched or dented. Again, it is necessary to keep the chuck face clean 
and free of burrs that are raised by seratehes and dents if accurate work 
is to be done on the surface grinding machine. When the chuck is not to 
be used for a period of time, it should be cleaned and a thin film of oil 
placed over the surface of the face. 


‘Surface Grinding Work 

Surface grinding work requires good planning, cleanliness, and care. 
Before a job is set up on the surface grinder, the operator must know the 
face of the chuek is true. As the first step in setting. up, the machine table 
and the face of the magnetic chuck are elvaned. The cleanliness of the 
‘magnetic chuck should he checked by brushing over its face with a bare 
hand. In а like manner, any surface on an accessory against which the 
workpiece is to seat, must be eleaned and checked for eleantiness. When 
precision work is to he done, cleanliness cannot be overemphasized. 

After all of the seating surfaces have been cleaned, the workpicee 
carefully placed and aligned on the magnetic chuck, so that no nicks or 
scratches will he made. Often the workpiece can he aligned visually, such 
as the two castings demonstrate in Fig. 13-5. The workpicee or the acces- 
sory may also be aligned by placing it against the side stop of the magnetic 
chuck, or by positioning a parallel between this stop and the piece to be 
shown in Fig. 13-10. In some instances the two pieces must be 
precisely aligned by indicating against a machined surface with a dial 
test indicator (see Fig. 13-7). Alignment of the workpiece may also be 
provided by holding it in a vise, оп a V-block. against an angle plate or 
on any accessory that has previously been aligned by one of the methods 
deseribed, 
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Setting up а workpiece ов tbe surface 
Indicator to ob 


A typical surface grinding job is illustrated in Fig. 13-8. The task is to 
grind the surface of a die mounted on the lower half of а die set, This 
surface must have a good finish, and the edges of the die must be sharp. 
‘The die is made from hardened tool steel. It is assumed that the magnetic 
chuck is true and in good condition. The procedure for performing this 
operation is given in the following steps 


1. Select the grinding wheel. The specification of the wheel selected 
for this job is 32-A-46-H-8 
Mount the grinding wheel on the spindle. 


2 
3. True and dress the grinding wheel 
4. Clean the surface of the magnetic chuck. 
5 


Clean the bottom of the die set. Inspect for nicks and burrs and 
remove if present. 

6. Carefully place the die set on the magnetic chuck to avoid scratch- 
ing or denting the surface of the magnetic chuck. 

7. Carefully align the die set on the chuck. In this case the work- 


piece can easily be aligned by positioning it against the stop plate 
at the rear of the chuck 
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Fig. 13-8 Sharpening a hardened die on a surface grinding machine 


Turn on the magnetic chuck. 


Cheek the die plate to make certain that the chuck is holding by 
pushing а the die plate with the hand. 


Start the grinding wheel and turn on the coolant. Allow the grind- 
ing wheel to run with the coolant on for about 1 minute 

Adjust th feed to about 015 to .020 inch per 
table rev mtomatie table traverse. 

Adjust the table speed to about 50 feet per minute. 

igth of the longitudinal table travel. This is done by 
the position of the two dogs on the side of the table which 
table reverse lever. The k stroke 

be set so that the grinding whect runs off the end of the surface 
being ground а distance of about 1 inch at each end. 

Stop the flow of the coolant and start the longitudinal table travel. 
Position the table so that the wheel is over the edge of the die as 
shown in Fig. 13-8, 


automatic 
sal. Start th 
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15, Slowly and carefully lower the grinding whecl until it just touches 
the surface of the dic. Look for the first sign of а slight grinding 
spark, and listen for the sound of contact between the wheel and 
the work. 

16. Start the flow of the coolant 

17. Take а cut across the surface of the work by engaging the ашо- 
matie cross-feed. The purpose of this сш is to establish a dimen- 
sional relationship betwcen the wheel and the surface being ground. 
If the wheel starts to cut too deeply as indicated by heavy spark- 
ing, back it away from the work immediately and start over again 
at the high spot on the surface of the work. 

18, At the end of the first pass over the work, stop the cross-feed. 

19, Feed the wheel into the work 0004 inch by turning the down-feed 
handwheel and reading the micrometer dial. 

20. Take a second cut across the workpiece by engaging the cross-feed 
to move in the opposite direction. At the end of the cut stop the 

tomatic erows-feed and the automatic table traverse 

Inspect the workpiece. In this case the condition of the surface and 

the edges of the die opening are carefully checked visually. If the 

part is to be ground to size, it is measured at this stage and the 

mount of stock remaining to be ground off is determined, If the 
part must be removed from the machine for this measurement, 
the chuck and the part must be cleaned before the part is placed 
back on the machine. Furthermore, the part must be placed in 
the same position on the table as before. 

22. Repeat Steps 20 and 21 until the edges of the die openings are 
sharp. 

23. Adjust the eross-feed of the wheel to .100 inch per table reversal, 
and inerease the table spced to 70 feet per minute. 

24. Take two or three additional cuts across the workpiece, using a 
depth of cut or down feed of .0001 inch per cut. (Sometimes the 
wheel is dressed again before the finish cuts are taken.) 

25. Allow the wheel to pass over the entire surface of the work two or 
three times without any additional down feed in order to spark out. 

26, Raise the whee! and shut off the coolant. Then stop the wheel. 

27. Carefully remove the die set from the chuck to avoid scratching oF 
denting the surface of the chuck 

28, Clean and dry the surface of the table. 

29. If no additional work is to be done in the machine, allow the 
grinding wheel to run for а few minutes with the coolant shut off. 
‘Thoroughly clean the machine. Grinding swarf should not be left 
on any part of the table or the chuck. 


21 


The grinding conditions (table speed, eross-feed, and down feed) recom- 
mended for the above example might have to be altered somewhat depend- 
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ing upon the condition of the machine, the grinding wheel actually used, 
and the workpiece. The suggestions listed have, however, been successfully 
used and should be satisfactory for the average job when performed on a 
machine such as shown in Fig. 13-8. It is of interest to know that the final 
sharpening cut on new dies as well as resharpening of used dies is often 
done in the manner described. 

While many jobs are rather easy to set up on the surface grinder, some 
other job setups must be planned with much thought and care. Typical 
is the job of linear form grinding the slender piercing punch, shown 
schematically in Fig. 13-9. A profile view of the punch is shown in view A. 
Before this job ean be started, a conforming block, shown in view E, must 
һе made from а magnetic parallel, Frequently a profiled surface of 
tools, such as the piereing punch, must be used to locate. 
tool to а position which enables other surfaces to be ground, but the profile 
does not permit this surface to be seated against a normal plane surface 
оп a magnetic chuck, angle plate, vise, or fixture. In this event a conform. 
ing block is made against whieh the profiled surface ean be precisely 
located and seated while grinding. Some conforming blocks are made of 
soft steel, with provisions for clamping the tool to be ground, 

Referring to Fig. 13-9, view В, the hardened tool steel block is ground 
Хоа size that is equal to the width of the head of the punch. In view C it 
is clamped against а toolmaker' angle plate and the length dimension of 
the punch is ground approximately .005 to .010 inch oversize. The grind- 
ing wheel is then trued and drcese to reflet the radius in the corner 
joining the taper and the head of the punch. With the punch located and 
held on à magnetic sine plate, the first tapered side and the corner are 
form ground, as shown in view D, leaving approximately 005 inch stock 
for finish grinding. The conforming block is then located on the magnetic 
chuck and the punch is placed on this block as shown in view E. To begin, 
the second tapered side is rough ground, then both sides are ground to the 
finish size by turning the punch over ах required. А final “spark out" 
grind should be made on each side using the same downfeed setting of the 
grinding wheel, The last operation is to form grind the radius on the nose 
of a punch with а grinding wheel that has been trued and dressed to the 
required radius as shown in view F. 


Surface Grinding Accessories 


"The full capability of the surface grinding machine cannot he utilized 
without certain basie accessories such as parallele, a toolmaker's vise, 
angle plates, V-blocks, and radius grinding wheel truing and dressing 
attachment, ete. Other accessories will extend the capability of this ma- 
chine and are usually selected on the basis of the type of work done in 
individual shops. Since all accessories are themselves precision tools they 
must be handled with care and stored so that they will be protected. 

Precision Parallels. Heat-treated steel precision parallels find much use 
in surface grinding work; they are used to support and align workpieces 
and to align other accessories on the magnetic chuck, They are sometimes 
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II on the workpiece by diverting this 
фе necessary to make certain that 
reference surface, such as a 


also used to deer 
force through the parallel, 
the workpiece will г 
square-off har on an angle plat 
‘Magnetic Parallels. These 
of accuracy with respeet to paral qua They are 
о arust by bonding together alternating plates of iron and brass, The 
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buit not retain, mag- 
will form a magnetic 
metism: when this source 


brass ix nonmagnetic, while the iron will cond 
netism, Separated by brass plates, caeh iron 
pole when subjected to an outside <ouree of 
is removed, the parallel is essentially nonmagnetic. Magnetic parallels are 
used to hold a ol cast iron workpieces on magnetic chucks. 
Having more magnetic poles th ie ehuek, these parallels will 
usually hold small, thin workpiee more firmly than the chuck will 
They can he machined to irregular shapes in onler to make conforming, 
blocks, 

Precision Toolmakers Vise. It is frequently more convenient to hold 


Coton ч the Fags Corporation: Dinmont Ted Die 


4 a dhe meetin while form grinding 
Diafarm 


Fi. 13-10. Precision tookmaker's vise п 
with a grinding wheel that has heen trae and 
танна вет fin aml 
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the workpiece in a vise while it is growl on the surface grinder; the job 
shown in Fig. 13-10 is typical. For surface grinding work the precision 
toolmaker's vise is most convenient to use beme it ix precise, yet not 
too heavy to handle. Often the workpiece i» aligned and clamped in the 
vise on a surface plate, where precision tools ean he usesl as aids in making 
the alignment. The workpiece in the vise is then eatried over to the grinder 
and aligned on the magnetie ehuek. 

Precision Angle Plates. Precision 

1 clamping surface th 
chuck, Some angle plates us 
magnetic parallels and are thus called 

from steel or e 

grinding work is the knee 
on this angle plate are machined 
to "tenth (0001 in. or 0902 mm) tole 
їп а toolmaker' vise, work hell on м 
оп a surface plate and the workpiece 
to the grinder to he 
the angle plate are too beav e mule direetly on 
the surface grinder. When setti precautions with respect 
to cleanliness and care in aligning the workpieee must he observed. 

Some examples of how a part сап be set up and ground on а toolmaker's 
precision type angle plate are show 1. The parts are usually 
helt with pe “clamps, whieh, however, are 


le plates: others are 
ıl type of angle plate for surface 
AN of the surfaces 
micular to each other. 
he ease of work held 
йу set up 
ier are carried 
the work and 


aligned a I hy a precision steel parallel while elamped against the 
face of the angle plate. A square-off bar ie attached to the angle plate 
shown in view В, This har is perpendicular to the hase of the angle plate 
and when the workpiece ix ses mst it, the ground surface will he 
perpendicular to the side of «off har, 
as well as to the face of th laced below 
the workpiece to reduce n to pull the work- 


ts. For example, in Fig. 13-11, view C, a «mall part is 
ul held against the two surfaces of a step, опе of which serves 
the purpose of a large parallel. The angle plate may be placed on its side, 

in view D, whieh is а convenient way to hold the workpiece when 
grinding the end perpendicular to the sides. In view E, the workpicee ix 
being aligned at an angle with a sine bar to set it up for grinding an 
angular surface. This setup is The angle is then 
ground on 1 


ТЫ “№ f [ 
z i 
we 
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Fig. 1342. A. Magnetic V-block holding a cylindrical workpiece. B. Magnetic V-block 
inverted and used as magnetic parallels C. Magnetic V-block used as an angle plate 
D. Hardened steel V-block used to hold workpiece for grinding the etd face. 


Longer cylindrical parts are held in two matched V-blocks. A matched pair 
of magnetie V-blocks is shown in view В. They аге being used as magnetic 
parallels to raise the workpiece above the face of the chuck in order to 
clear a boss located on the lower surface of the workpiece. In view C the 
magnetie V-biock is used as an angle plate, holding the workpiece by the 
magnetic force transferred through the V-block from the magnetic chuck. 
A hardened steel V-block is shown in view D holding a square work) 
held in this manner the end of the workpiece cun be ground perpendieu 
to the sides 

Sine Bars and Sine Plates. Sine bars and sine plates are used to hold а 
workpiece at a precise angle. Sine plates lane surface to 
which the workpiece may be clamped; they may be used direetly on a 
machine tool to hold the workpiece, whereas sine bars are generally not 
used in this manner. Sine bars are primarily used to align the workpiece 
or to “set it up,” as shown in Fig. 13-11, view E. A sine plate set up on a 
surface grinder is shown in Fig. 13-13; here the workpiece is held in a 

block whieh is clamped to the sine plate. Since only the roll attached to 
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сези d The Tatt-Pieree Menuet 


ing a sine plate to locate the workpiece for grinding а pre 


provide too much holding power, the «in iust be blocked to keep 
the workpiece in plaec. Only 
[Ме traverse rate should be used. А compound sine plate is shown 
used to hold the workpiece at a 

compound angle by simultaneously tilting the work-holding plate in two 
perpendicular directions. On this compound sine plate the work-holding 
surface is a permanent magnet chuck. This sine plate also hax a hase plate 
which provides a large surface for holding it firmly on the magnetic 
chuck 

Sine bars and si 
faces, Both rolls 


1 a relatively 


e plates have two rolls attached to their bottom xur- 


meter amd are precisely cither 
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t. The angular setting is obtained by 
ek of precision gage blocks. The 
to tilt the sine har or sine plate 
lowing Forma: 


5 or 10 inches (125 or 250 mu 
having one of these rolls re 
height of the gage block = 
at a given angle сап be ea 


k re 
ed by the 


[ET aen 


Where: И = The height of the precision gage block stack, in inches or 
millimeters 
= The angle at whic! 
in degree 
The dis 


(Courter ofthe Brows & Sharpe Manufacturing Company 
Fig. 13-14. Compound sine plate with permanent magnet chuck on 


work choking surface. 
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Magnetic Adjustable Work Holders. Constructed on the principle of 
magnetie parallels these hoklers have а work-bolding surface that ean be 
tilted at am angle, An example of how these work holders are used is 
shown in Fig. 13-15. The required «d by placing one of the 
two pins located on the end al precision 
gage or against precision 


pst а unive 


like teeth whieh grip the sides of the workpiece. They are made by joining 
two p reated steel with a thi ing steel that is 
slightly bent to form a convex and а concave side to the clamps. Used in 


pairs, they are placed on each side of the workpiece, with the teeth against 


Сокен ofthe Anton Machine Works 


Fig. 13-15. Magnetic adjustable work holder used to grind angles. 
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Cowon ofthe DéALL Company 
Ке. 13-16. Magnae Lock chumps wesi to hold thin part on a magnetic chuck. 


the workpiece and the concave side faci 
power is turned on they are pulled flat 
the teeth will grip the workpicee. Magn 
in holding steel and ts: th 
parts made from non-magnetic n 
magnetic chuck. 
Radius Truing and Dressing Attachment. This attachment is used to 
true and dress precise radii on grinding wheels. Some have added capabil 
у the attachment shown in Fig. 13-17 whieh ean be used to truc. 
and dress radii, tangents to a ra Jes on the griming wheel. 
Pantograph Type Truing and Dressing Attachment. Linear form grind- 
ing requires that the grinding wheel be truesl and dresses to the contoured 
profile that will produce the required profile on the workpiece. The panto- 
graph type truing and dressing attachment, shown in Fig. 13-18, is de- 
precise contour profile on the face of the 
icon which the profile is 10 
the grinding wheel. This tem- 
tograph attachment and the 
tracer. The movement of the 


grinding wheel. А shee 
times larger than the pr 
plate is mounted on the carrier «li 
operator follows around the ten 
tracer is reduce 
two single-point diamonds whi 

is used to rough form and the other to 


parate holders. One diamond 
finish the profile. By making 
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Lr on angle irving attachment. 


successive passes of the traeer along the template, the profile is gradually 
produced on the grinding wheel. А form-grinding operation using a grind- 
ing wheel trued and dressed with this attachment is shown in Fig, 12-10. 
Optical Projector. An ој for system is shown in Fig. 13-19, 
whieh projects а tn 
all times By usi it lenses а range of magnifications is available, 
extending from 3:1 to 100:1. Three iffercot procedures can be used to 
rind. profiled contour using the optical projection system. 
One procedure is to first make an enlarged drawing of the surface to be 
ground. This drawing is then mounted on the sereen of the projector. Ax 
the surface ix being ground the operator observes the ground surface, the 
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Fig. 1148, Diaform pantogr: 
med to dre 


tvp eriline wheel inang and dressing attachment 


ile contour: on the fare of urining whech. 


ilrawing line, and the image of 1 
the table is traversing back and forth, the op 
transverse and vertical feed until the projected image of the workpiece 
coincides with the line of the drawing. A sceoml method is to make a 
layout of the profile on the end of the workpiece. Lines that are 01-inch 
(0025mm) wide, or less, will project on the sercen in sharp detail. The 
workpiece is then ground to size by observing the layout line on the sereen 
and grinding to this line. The third method is used to grind a punch to 
fit an existing dic opening. The punch is first rough machined and beat 
treated. А piece of brass shim stock is epoxies onto the face of the punch, 
‘The oversize punch i» pressed into the die opening about 002 to 005 inch 
(0.05 to 0.13 mm), which will form a «hear line impression on the punch 
that will project om the sereen. The punch ea 

impression line, using 

nipulating the machine 


Surface-Grinding Thin Workpieces (Residual Stresses) 

Residual stresses are stresses that are locked into the crystals of the 
metal. They are caused by rapid quenching in heat treatment, by severe 
cold working of the metal—such as in cold rolling or cold drawing, by the 
action of single- and multiple-point cutting tools, and by uneven solidi- 
fication and cooling in a casting. Residual stresses are also caused by the 


ing wheel on the sereen. While 


tor manually adjusts the 


then be ground to this 
uide the op 


the optical projector to g ator in ma. 
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Fig. 13-19. Visual Grind Optical System grinding а contoured profile on two 
identical forming die sections. 


action of the grinding wheel, which heats a small section of the work- 
piece to a high temperature. An instant later the workpiece is rapidly 
cooled by the quenching action of the surrounding colder metal and by 
the grinding fluid. Usually residual stresses within the grains of the metal 
counteract each other and cause the part to be stable. In this condition 
they are said to be "locked in.” If something occurs to unbalance the 
locked-in residual stresses, they will act until they are again in balance. 
The manner in which the unbalanced residual stresses act to balance 
each other is to bend or distort the workpiece until new stresses resulting 
from the deflection will again balance the residual stresses, The only pri 
tical method of removing the residual stresses is by a stress-relief heat 
treatment, 

Thin pieces of cold drawn stock which have been severely cold-worked 
contain very large residual stresses. When a layer of this stock is ground 
off, the unbalanced stresses are large enough to cause it to bend when it 
is released from the magnetic chuck. The result is that the ground surface 
will not be flat. If the residual stresses in thin cold-drawn or cold-rolled 
stock cannot be removed by a stress-relief heat treatment prior to sur- 
face grinding, the only recourse is to grind off alternately a very small 
amount from the opposite sides of the workpiece 

1f a thin workpiece is warped before it has been ground, it should not 
simply be placed on the magnetic chuck and the power turned on. The 
magnetic force will pull the part of the surface not touching the chuck 
flat against the surface of the chuck and hold it in this position while 
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it is being ground. When the power of the chuck is released, the work- 
piece will spring back to approximately its origina! shape. The resulting 
face will thus be curved instead of flat. Alternately grinding the opposite 
sides of the workpiece will not correct this condition. This ean only be 
corrected by placing shims below that part of the lower surface not touch 
ing the chuck when the magnetic chuck is turned off. Paper shims may 
be used if the original warpage is small. If it is large, metal shims will 
be necessary. The surface that is ground when the workpiece is properly 
shimmed will be fat, unless the grinding operation has caused or re- 
leased some residual stresses. If the two opposite surfaces must be paral- 
lel to each other, the two sides should be alternately ground; and each 
time shims must be placed where required before the magnetic chuck 
is turned on, As already mentioned, the grinding wheel itself is the cause 
of residual stresses. The magnitude of these stresses is in direct relation- 
ship to the severity of the grinding action. When thin workpieces are 
‘ground, the grinding cuts should be light — otherwise the residual stresses 
produced by the grinding wheel will eause the part to bend. 

Hardened tool steel must be carefully ground. The residual stresses 
caused by taking heavy cuts in hardened tool steel can be severe enough 
to cause the formation of a crack in the surface. Therefore, deep heavy 
grinding cuts should be avoided when grinding hardened tool steel. 


chapter 14 


Cutter and Tool Grinding 


‘The cutter and tool grinding machine is specifically designed to sharpen 
a wide variety of tutting tools. It is practically a supplement to the milling 
machine because it is the most efficient machine for sharpening all of the 
many types of milling cutters. Single-point tools as well as other tools сап 
also be sharpened on this machine. In addition, it is capable of performing 
a variety of other light grinding operations including cylindrical grinding, 
internal grinding, and surface grinding. This chapter will deal primarily 
with the application of the cutter and tool grinding machine in sharpening 
milling cutters and reamers. 

Before this chapter is read, the names of the milling cutter elements 
given in Chapter 5 should be reviewed. Frequent reference will be made in 
this section to the term milling-cutter land. The word "land" refers to the 
narrow surface back of the cutting edge which is ground to provide the 
clearance angle. Milling cutters generally have a primary land and a 
secondary land. The primary land is immediately behind the cutting edge. 
‘The width of this land is kept small in order to reduce the amount of metal 
that must be ground. Thus less heat will be generated and the danger of 
overheating the cutting edge avoided. The secondary land is ground to 
keep the width of the primary land to a small size. 


The Cutter and Too! Grinding Machine 

In construction the cutter and tool grinding n 
lar to the cylindrical grinding machine, although there аге some basie 
differences. A cutter and tool grinding machine is illustrated in Fig. 14-1 
‘The wheel head of cutter and tool grinding machines сап be raised and 
lowered but is not built to traverse toward the workpiece as in the case of 
cylindrical grinding machines. The movement of the work toward and 
away from the wheel is provided by a cross slide, on top of which the 
sliding table traverses longitudinally. On top of the sliding table rests а 
swivel table which can be set in angular positions. The machine in Fig. 
14-1 is provided with a highly accurate device which utilizes precision. 
gage blocks for obtaining precise angular settings of the swivel table. The 
whee! head of this machine сап also be moved in two angular directions. 
There are two lower swivels: the column swivel and the cecentrie swivel, 
both of whieh ean be turned 360 degrees about a vertical axis, An upper 
swivel (Fig. 14-14) permits the wheel head to be tilted up or down about. 
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Fig 14-1. A cutter and roo! grindin machine. Component parts are: А. swivel table; 
В. workhead; C front table hand control; D. front cross slide handwheel; E. tilting 
wheel head; F. table swivel scale; G. nd tajitork; H. sliding table; L cross 
slide; J. wheelhead vertical control handwhecl; К. attachment power receptacle; 
1. main electrical contro! panel: M. rol; N. whcel-head vertical 
control handwheel; O. differential ; P. main disconnect switch 


а horizontal axis, but not all cutter or tool grinding machines 
with this arrangement (Fig. 14-9). 

The workhead, which can be swiveled 360 degrees in two planes, has a 
graduated clearance setting dial for obtaining the desired clearance angles 


re provided 
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on milling cutters. The workhead is used primarily for grinding end mill- 
ing and face milling cutters. Large face milling cutters are ground on 
a large face-mill grinding attachment. Most arbor-mounted milling cutters 
эге ground with the use of two tailstocks. Only the right-hand tailstock is 
shown in Fig. 14-1. A great variety of additional attachments either ex- 
tend the range of the work that can be done on the cutter and tool grinding 
machine or facilitate the performance of the more common operations 
Cylindrical grinding operations ean be performed using the cylindrical 
grinding attachment. Internal grinding (Fig. 14-2) is done with the cylin- 
drieal grinding attachment and an internal grinding spindle, which can 
be attached to the wheel head. A radius grinding attachment provides а 
means of grinding an accurate radius in the corner of milling cutters if 
desired. A universal vise ean be used to hold the workpiece to perform 
surface grinding operations and to grind the angles on single-point cutting 
tools, These are but а few of the attachments available for use on the 
cutter and too! grinding machine. 

In order to grind milling cutters, a group of precision arbors should be 
made or otherwise obtained. The diameter of these arbors should be made 
to provide а close sliding fit in the bores of the milling cutters to be 
ground. The cutters should be held firmly in place by means of nuts and 
collars similar to milling-machine arbore They should have no ecen- 
tricity, and the shoulders of the arbor and the collars should be perfectly 
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Fig. 14-2. Performing an internal grinding operation on a cutter and tool grinder. 
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square. The accuracy with which the cutters are ground depends to a large 
extent upon the accuracy of the arbors. 


Basic Methods of Grinding Milling Cutters 


Four of the basie methods of grinding milling cutters are illustrated in 
Fig. 14-3. The milling cutter is mounted on a close-fitting arbor, and the 
table is traversed past the grinding wheel. Either a dise-type grinding 
wheel or а flaring-cup type grinding wheel сап be used. The dise-type 
grinding wheel, А and B in Fig. 14-3, tends to produce а curvature on the 
ground surface that is equal to the radius of the wheel. This is not neces- 
sarily objectionable if a large-diameter whee! is used and if the width of 
the ground surface or land behind the cutting edge is kept small. The 
diameter of the dise-type grinding wheel should be at least 6 or 8 inches, 
and the width of the land should be between 143 and Уе inch. А narrow 
wheel should be used, or the wheel should be trued so that the grinding 
{асе of the wheel is narrow. Flaring-cup wheels should be trued so that the 
face is slightly concave at the grinding face. The wheel head should be 


room 


Fig 14-3 The basie methods of grinding milling cutters 


408 CUTTER AND TOOL GRINDING Ch. 14 


turned 1 degree about the vertical axis so that only one face of the faring- 
сар wheel will grind the cutter and the other face will clear the cutter. The 
milling cutter is held against the tooth-rest blade by hand. Except in 
certain cases, the tooth-rest blade is placed close to the wheel with ap- 
proximately 003 to 004 inch clearance. 

When a dise-type grinding wheel is used to grind the clearance on 
milling cutters as shown at A and В in Fig. 14-3, the wheel head is raised 
a distance, a, above or below the axis of the cutter. This distance can be 
calculated by the following formula 
0087 Do C. (ч) 
where: a= The vertical distance that the grinding wheel is above or 

below the axis of the milling cutter, inches 
Dg = Diameter of the grinding wheel, inches 
C — Clearance angle to be ground on the milling cutter, degrees 


‘The diameter of grinding wheels ean be accurately measured with mi- 
crometer calipers by placing one piece of good notebook paper between 
the grinding wheel and the anvil of the micrometer and another between 
the grinding wheel and the micrometer spindle. The paper protects the 
precision measuring surfaces of the mierometer caliper by preventing them 
from contacting the abrasive particles on the grinding wheel. The thick- 
ness of the two strips of paper must be subtracted from the micrometer 
reading 

When grinding as shown at A, Fig. 14-3, the pressure of the grinding 
wheel tends to hold the milling cutter against the blade of the tooth rest. 
A disadvantage of this method is that since the wheel is above the axis of 
the cutter, the abrasive particles of the wheel are moving away {rom the 
face of the cutting edge. This tends to produce a burr on the cutting edge. 
From the standpoint of grinding procedure, the grinding wheel should 
rotate so that the abrasive particles move toward the cutting edge as 
shown at В. This procedure, however, has a major disadvantage in that 
the grinding-wheel pressure tends to pull the milling cutter away from the 
blade of the tooth rest and into the wheel with serious consequences. 
Although both procedures are used, the safer procedure shown at A is 
recommended. 

Flaring-cup wheels as shown at C and D, Fig. 14-3, are generally гес- 
‘ommended over dise wheels for grinding milling cutters. The milling cutter. 
can be positioned зо that the grinding pressure holds the whee! against the 
tooth-rest blade as at C, or it can be positioned so that the abrasive 
particles move toward the cutting edge as at D. The procedure shown at C 
is recommended. In either rase the axes of the grinding wheel and the 
milling cutter are positioned on approximately the same horizontal plane, 
and the tooth rest is positioned a distance, b. above or below these axes 
‘The distance b can be caleulated by the following formula: 


b= 0087 D.C (14-2) 
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Fig 1-4. Clearance se 


ко set the milling cutter for grinding 
the desired clearance angke 


where: b = The height of the tooth-rest blade and the axis of the milling 
cutter, inche 
De = Diameter of the milling cutter, inches 
C = Clearance angle to be ground on the milling cutter, inches 


When measuring the diameter of the milling cutter with mierometer cali- 
pers, place a piece of good notebook paper between each of the measuring. 
surfaces on the micrometer and the cutter. 

А clearance setting fixture, shown in Fig. 14-4, ¢ 
the cutter to grind the desired clearance 
of a fixed plate which has 
The fixed plate ean be. ock spindle by tighten: 
ing a set screw. The graduated plate is the plate ahead of the fixed plate. It 
has graduations in degrees marked on its top surface, and it can be 
secured to the fixed plate by turning а thumbscrew located on its bottom. 
А special dog is provided that attaches to the arbor holding the cutter. The 
dog has a pin which fits in a hole located in the front of the graduated 
plate. The procedure for using this fixture will be treated later in this 
chapter, 

Some cutter and too! grinding machines are equipped with a whee! head 
that ean tilt. The desired clearance angle on the milling cutter is thus 


ре used to position 
igle. This attachment consists 
mark on its upper surface. 


410 CUTTER AND TOOL GRINDING Ch. 14 


obtained by tilting the wheel head as shown in Fig. 14-10. A dise wheel 
cannot be used when tilting the wheel head to obtain the desired clearance 
angle. The clearance angle can only be obtained when grinding with the 
face of a cup wheel. Generally a flaring-cup whee! is preferred. 

These setups can be used to grind ће peripheral, side, and end teeth on 
all milling cutters. As shown in Fig. 1-5, the сир type grinding whee! will 
grind a flat relief (view A), while the dise type whee! will grind a slightly 
concave relief {view B}. Actually, the difference is extremely small since 
the width of the land is small in relation to the diameter of the disc type 
whe 

An cecentrie relief is shown in view C, Fig. 14:5. This type of relief 
ean be ground only on the peripheral cutter teeth and only on those 
peripheral teeth that have been eut at a helix. Moreover, the helix angle 
must he at least 8 degrees and there is a minimum size relief angle that 
be ground, depend ize of the helix angle. This type of relief 
is wed primarily on the peripheral teeth of ew! mills, especially on those 
of sinaller size. А somewhat wider pri ml is weed with this 
type of relief and the relief I the lower range of recom- 
mended relie 


In this setup the cutter axis, the 
contact with the eutter on the tooth 
horizontal plane, A die type grinding wheel must be used. It is trued so 
that the faee of the whe T: as an alternative, the grinding 
machine «pille head ean be rotates! so that the fare of the grinding wheel 
i at this angle, The eecentrie relief i ground ly moving the cutter back 
and forth past the grinding wheel while it is resting, an the stationary 
tooth-rest blade, which will eause it to rotate by following the path of the 
helix angle, M, of the flute. The action e: wide surface of the 
grinding wheel to generate a convex shaped relief angle on the eutter teeth. 
Using the tangent function found in a table of natural trigonometrie fune- 
tions, the wheel angle is ealeulated by the following formula 


(14-3) 


where: W = Whee! angle 
H= Helix angle of the cutter teeth 
R= Relief angle to be ground on the eutter. 
“The wheel angles for a wide range of frequently used radial relief angles 
and eutter helix angles are provided in Table 14-1 


Tooth Rest Blades and Holders 

А tootherest blade and holder are shown in position in Fig. 117. In 
some cases the blade must be kept stationary while the milling cutter is 
moved back and forth across the face of the grinding wheel. In this case 
the tooth-rest holder is clamped to the wheel head as shown. At other 
times (Fig. 14-14) the blade should be moved with the milling cutter, in 
which ease the holder is clamped to the table of the machine or onto the 
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Fig. M-A The hasie types of 
B. Conrave, ax 


es. A. Flat, as ground with а ogy whorl: 
wheel: C. Eccentric, 


Fig. 14. Setup for erindioe an cecentrie relief. 


workhead, There are two kinds of tooth-rest holders, plain and universal 
A universal tooth-rest holder, shown in Fig. 14-7, is provided with a 
micrometer adjustment for obtaining small up and down movements in 
the final setting of the blade. The blade of the tooth-rest holder can, when 
necessary, be made to pivot aside in order to index the cutter. A spring 
will cause the blade to snap back in place against a fixed stop. This feature 
is used when the tooth rest moves along with the cutter. When the tooth 
rest is in a fixed position as in Fig. 14-7, the cutter is moved off the blade 
in order to index the cutter teeth, 

The most commonly used tooth-rest blade shapes and dimensions are 
shown in Fig. 14-8. The plain tooth-rest blade is used when grinding 
milling cutters with straight teeth, and the rounded tooth-rest blade is 
used for cutters with helical teeth. Sometimes the tooth-rest holder will 
interfere by not allowing the milling cutter to be brought up to the 
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Table 14-1. Grinding Wheel Angles tor Grinding Eccentric Type 
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grinding wheel. Th у be corrected by means of an offsct tooth- 
rest blade which is shown in use in Fig. 14-9. The hook tooth-rest blade is 
used for grinding cutters with a small diameter, when, because of the 
spacing of the teeth, the tooth-rest blade cannot be below the grinding 
wheel and the cutter. Blades with shapes other than those shown are some- 
times required. An example of another blade shape ean be seen in Fig. 
14-16. 


Sharpening a Plain Milling Cutter 

The several methods for sharpening a plain milling cutter have already 
been presented in broad outline in a previous section. Two methods that 
are frequently used will be given in a step-by-step procedure here. One 
method will explain how a plain milling cutter can be sharpened on a 
fixed wheel-head machine, and the other will show how this can be done 
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Fig. M-7. A universal tooth-rest holder ia position for grinding. 


on a tilting wheelhead machine. Since the principal difference in these 
methods is the way in which the job is set up, the actual grinding pro- 
cedure will be given only once. In starting with the fixed wheel-head 
machine, it is assumed that a clearance setting dial will be used. The 
setup is illustrated in Fig. 14-9, 


1. Select the correct grinding wheel and mount it on the wheel spindle. 
Attach the wheel guard in position. 

2. Start the machine. True and dress the grinding wheel using an 
abrasive stick. The face of the wheel should be made into а 
V-shaped profile. The sides of the V should be approximately 20 
ог 30 degrecs with respect to the face. The apex of the V should 
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Fig 14-8 Types of tooth-rest blades 


be fattened to provide a grinding face on the wheel which is 
approximately Ys inch wide. It is advisable to attach a diamond 
to the table and to take one or two very light euts across the 
of the wheel by traversing the table. Stop the machine. 

3. Attach offset blade to the tooth-rest holder and mount the holder 
on the wheel head as shown in Fig. 14-9. The blade should be 
clamped at the approximate angle of the helix of the cutter to be 
ground, Temporarily position the blade slightly below the center 
of the grinding wheel. 

4. Mount the milling cutter on the arbor. A special arbor is used to 
hold the milling cutter in the cutter and tool grinder. Tt is good 
practice to check the arbor frequently for eccentricity with a dial 
test indicator accurate to 0001 inch by rotating it on centers. 

5. Mount the two tailstocks on the grinding machine so that the 
milling cutter will be held in the approximate center of the table. 
The right side tailstock spindle is retractable. A spring keeps this 
spindle extended outward. Place the clearance setting fixture on 
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Fig 14-9 Setup for grinding the clearance angle on а fixed ийсе Асай machine 
using à dise wheel and a clearance setting fature. 


the spindle of the left side tailstock. 

6. Adjust the wheel head vertically until the center of the grinding 
wheel is aligned with tbe centers of the tailstock, Most cutter and 
tool grinding machines are provided with a fixed height gage to 
Чо this. A fixed height gage, called a centering gage, is shown in 
Fig. 14-11. The base of this gage is placed on the top of the table. 
"Two flat plates are held together on their face by a serew at a dis 
tance above the table that is equal to the height of the tailstock 
centers. A zero line is marked on the wheel head. The wheel head 
is positioned until one of the plates on the centering gage coincides 
with the zero line. 

7, Piace the milling cutter and arbor assembly on the tailstock cen- 
ters. Check to see that enough spring pressure is applied by the 
right side spindle to hold this assembly in place. 

8. Prepare the clearance setting fixture. Attach the dog to the arbor 
and place the pin in the hole of the graduated plate. Rotate the 
graduated plate until the zero graduation coincides with the index 
mark on the fixed plate. The graduated plate is then clamped to 
the fixed plate by tightening the thumbscrew. The cutter and arbor 
assembly is now frmly held in place by the clearance setting 
fixture. 

9. Locate the position on the tooth of the cutter closest to the grind- 
ing wheel that is at the height of the tailstock centers. This is done 
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with the centering gage as shown in Fig. 14-11 The gage is moved 
until it touches a point on the cutter tooth. This point is carefully 
sd with a pencil. 
Position the milling cutter with the m 
‘cutting face of the grinding wheel. 
Clamp the tooth rest in place so that the blade will contact the 
tooth of the cutter just below the mark. 
Set the wheel head so that the required clearance angle will be 
ground. To do this the thumbscrew holding the two plates together 
оп the clearance setting is first loosened. Use one hand to hold the 
cutter in contact with the blade of the tool rest and with the other 
hand lower the wheel head. The tooth-rest blade, being attached to. 
the wheel head, is also lowered when the wheel head is lowered. 
‘Thus the milling cutter is rotated and this motion transmitted to 
the graduated plate of the clearance setting fixture through the 
arbor and the dog. The angle through which the cutter and the 
graduated plate are turned ean now be read on the graduations 
which are marked in degrees. Stop lowering the wheel head when 
the cutter has rotated through an angle equal to the required clear- 
ance angle, Tighten the thumbserew and remove the dog. 
Adjust the length of the table travel. Lay the cutting edge of the 
cutter on the tootherest blade, and traverse the table the full 
lengthof the cutter, Set the stop dog on the table so that the cutter 
will not run off the tooth-rest blade. It is not necessary to set the 
dog at the other end of the table since the cutter must run off the 
tooth-rest blade in order to be indexed, The machine is now set up 
to grind the required clearance angle. 
Start the machine. Lay a tooth on the tooth-rest blade. Hold the 
cutter against the blade by hand and carefully move the cutter 
toward the grinding wheel until light sparks indicate that they 
have touched. 
Keep holding the cutter against the tooth-rest blade and traverse 
the table until the full length of the tooth has been ground. Retum 
the table to the end where the cutter ean be disengaged from the 
tooth rest. 
Cheek the cutter for taper. using a dial test indicator mounted оз 
the arm of а height gage, or п surface gage. Place one of these 
gages оп the machine table with the indicator contact point touch- 
ing one end of the ground tooth. Slightly rotate the cutter back and 
forth and move the indicator to the position where the largest 
reading сап he obtained. Record this reading and repeat this pro- 
cedure at the other end of the ground tooth. The difference in the 
two indicator readings will be equal to one-half of the taper. 
Another method is to grind two opposite teeth, as in Step 15, and 
measure over these teeth with an outside micrometer caliper, using 


оп the tooth opposite the 
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uring surfaces of the mierom- 


notebook paper to protect the in 
eter 

17. If taper is present, adjust the swivel table, Check by repeating 
Steps M through 16 until the taper is removed 

18. When the taper is removed, grind the cutter until all of the teeth 
are sharp. The depth of eut should not exceed 002 inch per pass for 
rough grinding and about 0005 inch per pass for finish grinding. To 
assure roundness start grinding on a different tooth after progressing 
around each full revolution of the cutter. Be sure to hold the cutter 
against the tooth-rest blade when traversing the wheel. 

19. The secondary clearance angle which is behind the primary 
ance is then ground in a similar manner. The secondary clearance 
should leave the primary clearance with a land width that is be- 
tween 35; and Ys inch, 


lear 


‘The procedure used to set up cutter and tool grinding machines with a 
tilting wheel head differs considerably from that described. The setup is 
illustrated in Fig. 14-10, 
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Mount a flaring-cup wheel on the wheel spindle and attach the 
wheel guard. 


2. Mount the cutter on the arbor. 
. Mount the tailstocks on the table so that the milling cutter will be 


held in the approximate center of the table. 
Start the machine and dress the inside conical surface of the grind- 
ing wheel that is adjacent to the face using an abrasive dressing 
stick. This surface should be dressed to make an angle of 20 to 30 
degrees to the face of the wheel leaving the face approximately 
Щз to Иа inch wide. The face of the wheel should also be dressed. 
10 is sometimes advisable to dress the face by moving a diamond 
across it with the table. Stop the machine. 

Adjust the lower swivel of the wheel head so that the face of the 
grinding wheel will be positioned at an angle of 1 degree with 
respect to the side of the cutter. This is done to prevent the “back 
face” of the grinding wheel from grinding the cutter as it is moved 
across the wheel 


j Set the grinding wheel to grind the desired clearance angle. This 


is done by swiveling the wheel head to the desired angle. 


t. Mount the tooth-rest assembly on the wheel head, An offset tooth- 


rest blade should be used and the blade should be clamped at the 
approximate angle of the helix of the cutter. Temporarily position 
the holder so that the blade is close to and approximately on the 
horizontal centerline of the grinding whee! 
Establish the point of contact of the milling cutter tooth on the 
blade. To do this rub a thin coat of red lead or Prussian blue on 
the top of the tooth-rest blade. Lay a tooth of the cutter on the 
blade and traverse the entire length of the cutter over the blade. 
The point of contact will appear as a shiny spot on the blade. 
Loosen the tooth-rest assembly and position the point of contact 
opposite the cutting face of the grinding wheel. Clamp the tooth- 
rest assembly in place. There should be 0003 to 0.004 inch clear- 
се between the face of the grinding wheel and the tooth-rest 
blade. 
Position the point of contact on the tooth-rest blade on the center 
of the cutter. The centering gage is placed on the table as shown 
in Fig. 14-11, Raise or lower the wheel head until the gage plate of 
the centering gage is opposite the point of contact on the tooth-rest. 
blade. 
Set one table dog to obtain the correct length of table movement 
in order to prevent the cutter from dropping off the blade at опе 
end. The cutter must be allowed to run of the tooth-rest blade at 
the other end so that it can be indexed. 
Lay a tooth on the tooth-rest blade and start the machine, The 
machine is now set up to grind the milling center. 
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ig. Hell Setting the point of contact of the tooth-rest bade on the centerline 
Of the cutter with а centering gage. 


‘The procedure for grinding the cutter is the same as described in Steps 14 
through 19 in the previous example. In general, the relief angles on the 
peripheral teeth on all milling eutters are ground to а sharp edge; Wher 
ever a stationary tooth rest is used the blade must be wide enough and 
shaped so that the eutter can be run up to and off the face of the grinding 
wheel in such а manner that the relief at the ends will be uniform with 
the relief on the body of the cutter. If necessary, the blade may 
he held or formed at an angle to meet this requirement. The cutter is 
indexed hy runningit off the stationary tooth-rest blade. 


Measuring the Cutter Angles 


After the teeth on a milling cutter have heen sharpened, the size of the 
relief angle should be measured. A very convenient method of measuring 
the relief angle on the peripheral teeth is hy the Indicator Drop Method 
illustrated in Fig. 14-12. The cutter is mounted on the arbor which is held 
between two centers, or it may h dial test indicator 
having a sharp contact point is mounted above the cutter, with the sharp. 
contact point indicating a radial line passing through the center of the 
cutter, as shown in Fig. 14-12, The cutter is positioned so that the contact 
point of the indicator touches the very tip of the cutting edge. When in thi 

position the second dial test indicator is zeroed against the face of the 
tooth, as close to the cutting edge as possible. The cutter is then rotated a 
predetermined amount called the checking distance. which is measured by 
the second indicator. After the cutter has heen rotated the checking dis 

tance, the indicator drop is read on the dial test indicator positioned above 
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Fig. 14-12. Measuring the relief angle on the peripheral teeth on milling cutters by 
the Indicator Drop Method. 


The recommended angles on the peripheral teeth for a 
given cutter diameter is given in Table 142; the corresponding indicator 
drops and checking distances are also given in this table. Indicator drops 
оп cutters ground with a flat and a concave relief (see Fig. 14-5) arc essen: 
tially equal; however, for a given relief angle, the indicator drops on 
cutters gr shown in the table 
Cutters having an eecenttie relief should be ground to a relief angle that is 
at the lower end of the range of recommended relief angles while the 
middle or higher end of the range is to be uscd on cutters having a flat 
or concave relief, 

‘The relief angles on the side tee d teeth of milling cutters can 
also he checked by using the indicator drop method. When measuring th 
relief angle on these teeth the cutter is not rolled; it is moved along a 
straight-line path a distance equal to the checking distance, usually by 
moving the machine table this distance with the cutter mounted on the 
table. Table 14-3 provides values of the indicator drops for checking side 
and end teeth. The rake angle on the face of the tecth of milling cutters 
can also be checked by this procedure. Values of the indicator drops for 
checking the rake angle are given in Table 14-4. 


‘Sharpening a Shell End. 

The setup for sharpe teeth on the periphery of an end milling 
cutter is shown in Fig. the procedure for this operation is identical 
to that of sharpening a plain milling cutter, except that the cutter is 
mounted on the workhead rather than between centers. The cutter and 
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Table 14-2. Indicator Drops for Checking the Radial Relief Angle 
оп Peripheral Teeth 
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tool grinding machine in the illustration has a tilting wheel head which is 
used to obtain the required clearance angle. If the machine is equipped 
with a fixed wheel head, one of the methods illustrated in Fig. 14-3 must 
bbe used to grind the peripheral teeth. The tooth-rest blade is set on the 
center of the cutter by finding the point of contact where the milling 
cutter touches the blade and aligning this point with the centering gage. 
When using method A or В, Fig. 14-3, raise or lower the wheel head the 
required distance, and for method C or D, raise or lower the tooth rest 
the required distance, 
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Table 14-3. Indicator Drops for Checking Relief Angles on Side-Teeth 
‘and End Teeth 


Table 14-4. Indicator Drops for Checking Rake Angles on Milling 
Cutter Face 
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The setup for sharpening the teeth on the face of the shell end milling 
cutter is shown in Fig. 14-14. The procedure for grinding these teeth is 
given here: 


Fig. 14-13. Sharpening the peripheral teeth of a shell end mill 


Mount the cutter on the workhead. 
Position one tooth on the face of the cutter so that its cutting edge 
is parallel to the table and lock the spindle of the workhead, The 
cutting edge can be checked for parallelism by a dial test indicator 
placed on the wheel head, 

Mount the universal tooth rest on the bottom of the workhead. 
Place a rounded tooth-rest blade against a peripheral tooth as 
close to the face as possible 

If a tilting whecl-head machine is to be used, tilt the wheel head 
to the desired primary clearance angle. If а fixed wheel-head 
machine is used, tilt the workhead to the desired primary clearance 
angle. 

Grind the primary clearance on all teeth. 

Check the face of the cutter to make sure that the tecth are ground 
perpendicular to the axis of the cutter. This can be done by holding. 
а flat plate against the cutter. Rub a thin coat of Prussian blue ог 
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Се 
Fig. 14-14. Sharpening the teeth ов the face of а shell eod mill. 
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red lead on the plate and note how it is picked up by the cutter 
teeth. If a flat plate is not available, use a straight edge to check 
the face teeth. 

7. Adjust the wheel head or the workhead to grind the secondary 
clearance angle. 

8. Grind the secondary clearance on all teeth. 

9. Set the wheel head or the workhead back to the setting for grinding 
the primary clearance angle 

10, Position the workhead to grind the back taper on the face of the 
wheel. The teeth on the face of the shell and mill shouid have a 
back taper of about 3 degrees which extends up to % inch of the 
corner of the cutter. When the teeth on the face are given a baek 
taper to form a slight dishlike profile, tbe cutting action of the 
cutter will be greatly improved 

11. Regrind the primary clearance on all of the teeth up to a point 
that is inch from the corner to form the back taper. 


Sometimes a chamfer is ground on the corner of end milling cutters. This 
chamfer is ground in a manner similar to grinding the face of the teeth, 
except that the workhead is swiveled to the desired chamfer or corner 
angle. The center of the chamfer is placed at the height of the axis of the 
workhead. The true clearance angle on the chamfer is obtained by rolling 
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and tilting the wheelhead. Figure 14-17 ates this procedure, and 
Table 14-5 gives the settings for the angle to tilt and the angle of roll. As 
was explained in Chapter 5, the chamfer width should not excecd Ме 
inch. 


Sharpening a Staggered-Tooth Side Milling Cutter. 

The setup for grinding the peripheral tecth on a staggered-tooth side 
milling cutter is shown in Fig. 14-15. These eutters generally have closely. 
spaced teeth (see view D in Fig. 5-2) which will interfere with the tooth 
rest if it is placed below the cutter. For this reason the use of an offset 
tooth-rest blade, as shown in Fig. 14-16, is recommended. The blade 
should be ground to the form of an inverted V, and the angle on the sides 
should be about 5 to 8 degrees greater than the axial rake angle of the 
peripheral teeth. The procedure for grinding the peripheral teeth is given 
in the following steps: 


1. Mount the flaring-cup wheel and dress the inside conical surface 
to an angle of 20 to 30 degrees with respect to the face of the wheel. 


Certe of Cincinnati Micron 


Fig. 14-15. Sharpening the peripheral teeth on а stuggered-tooth side milling cutter. 
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2. Mount the cutter on the arbor. Mount the tailstocke on the table. 
Attach the clearance setting fixture to the left side tailstock. 

3. Place the cutter and arbor assembly between the tailstock centers 
‘and check the tension on the retractable tailstock. 

4. Adjust the wheel head 1 degree around the vertical axis so that the 
cup wheel will not double cut the milling cutter. 

5. Tilt the wheelhead to the desired primary clearance angle. 


Fig. 14-16. Offset tooth-rest blade recommended for sharpening the peripheral teeth 
on a staggered-tooth ade milling cutter. 


6. Attach the tooth-rest holder to the wheelhead using the offset, пе 

ied V, tooth-rest. blade. Adjust the tooth rest until the high 
point of the inverted V is at the approximate horizontal center of 
the grinding wheel and at the center of the cutting edge. 

7. Place the centering gage on the table and adjust the wheel head 
vertically until the high point of the inverted V is on center with 
the gage. This causes the portion of the tooth being ground to be 
at the center height of the cutter. 

8. Start the machine and lay one tooth on the tooth-rest blade, Grind 
опе tooth as the table traverses from left to right, and grind the 
next tooth traversing the table in the opposite direction, After 
grinding the two teeth stop the machine. 

9. Check the comparative height or maximum radii of the two teeth 
that were ground. This is done by attaching a .0001-ineh dial test 
indicator tothe wheel head so that the contact point of the indicator 
is positioned against the edge of the teeth. By rotating one tooth 
and then the other over the contact point of the indicator the 
difference in the indicator reading is noted. This difference should 
not exceed 0003 inch. If it is greater than this, the tooth-rest blade 
must be loosened and moved slightly toward the large or “high” 
tooth. Steps8 and 9 are then repeated until both teeth are the same 
height within .0003 inch (0.008 mm). 

10. Grind the primary clearance angle on all teeth by traversing in 
opposite directions to grind each succeeding toot 

11. Attach the clearance setting dog to the left end of the arbor and 
place the pin in the hole in the graduated plate. Remove the tooth- 
rest assembly. The staggered-tooth cutter has two sets of teeth, 
each with a different axial rake angle (Fig. 5-2). The secondary 
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clearance angle is obtained by grinding one set of tecth completely 
and then grinding the other set of teeth. 

12. Select one tooth and mark the center of that tooth with a pencil 
Using the centering gage, place the mark on the tooth at the 
center height of the cutter. Loosen the stationary plate of the 
clearance setting fixture and set the index mark opposite the zero 
‘graduation. Clamp it to the stationary spindle. 

13, Remove the centering gage and rotate the cutter to the desired 
clearance angle. Lock the graduated plate to the stationary plate 
by tightening the thumbscrew. 

M. Remount the tooth-rest assembly using a rounded tooth-rest blade, 
Position the blade under the side of the tooth to be ground. Re- 
move the dog, and position the wheel head to the horizontal or 
zero position. 

15, Swivel the table from 2 to 6 degrees, depending upon the axial 
rake angle of the teeth. 

16. Grind the secondary clearance until the width of the primary 
clearance is Уа to Hg inch. Before the final width of the land is 
reached, check to see if it is parallel, 1f it is tapered, the swivel 
of the table is incorrect and should be adjusted. 

17. Repeat Steps 11 through 16 to grind the secondary clearance on 
the second set of teeth. 


‘The sides of the teeth of a staggered-tooth side milling cutter should not 
be ground unless it is necessary. Grinding these teeth reduces the width 
of the cutter, which should be avoided if possible. These tecth are ground 
with а very slight back taper which is usually about ¥ degree. The back 
taper is generally extended to the corner of the cutter. The procedure used 
is similar to the procedure for grinding the teeth on the face of shell end 
milling cutters. 


1. Mount the workhead on the table. Mount the cutter on a short 
stub arbor which has a No. 50 milling-machine taper at one end. 
Attach the cutter and arbor assembly to the workhead. 

2. Level one of the teeth on the side of the cutter parallel to the 
table, using the centering gage to check this position, Lock the 
‘workhead spindle when the tooth is leveled, 

3. Mount the universal tooth-rest assembly on the bottom of the 
workhead. Use a rounded tooth-rest blade, and position it on the 
periphery of the cutter against the tooth that has been leveled, 

4. Tilt the wheel head (or the workhead) to the desired primary 
clearance angle. 

5. Swivel the table or the workhead approximately 14 degree in order 
to grind the back taper. 

6. Grind the primary clearance on all teeth. 
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Table 14-5. Radial Rolland Axial Tilt Required to Obtain True. 
Clearance Angle for a Given Corner Angle * 
CORNER ANGLE 
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CORNER ANGLE 
+ With permission of Cincineati Milacroa 


7. Remove the cutter and turn it around to grind the teeth on the 
second side, 


Sharpening Face Milling Cutters 

‘Small face milling cutters are ground in exactly the same manner as 
shell end milling cutters. The same procedure is also used for grinding 
large face milling cutters except that these cutters must be held on a 
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large face mill grinding attachment in order to clear the top of the table. 

Many modern face milling cutters have cemented-carbide teeth, which 
should be ground with diamond grinding wheels. Flaring-cup-type dia- 
mond wheels are recommended. Rough grinding can be done with a dia- 
mond abrasive grain size of 100 or 120, while 220-grain size is recom- 
‘mended for finish grinding. 

Most face milling cutters have a chamfered corner, The corner angle 
is defined in Fig. 5-20. The true clearance angle on the corners of face 
milling cutters is the resultant of the clearance angles and is measured 
in the axial and the radial planes, The true elearunce angle is obtained 
on the corners by tilting and rolling the wheel head, as shown in Fig. 14- 
17, in accordance with the specifications given in Table 14-5, For ex- 
ample, if the corner angle is 30 degrees and a «degree true clearance 
angle is desired, the axial tilt is 25 degrees and the radial roll is 43 de- 
grees (Fig. 14-17) 

As a matter of preference, sometimes a spin grinding or circle grind- 
ing operation, as in Fig. 14-18, is performed on milling cutters prior to 
grinding the primary clearance angle. The cutter is mounted on a cylin- 
drical grinding attachment, and the operation is performed like a cylin- 
drical grinding operation. While this operation is primarily performed 
on face milling cutters, it is also on occasion done on other types of mill- 
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Fie. 14-17. Setup for grinding the clearance angle on tho corner chamfer 
‘of a face milling cutter 
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Fig. 14-18. Spin or circle grinding a face milling cutter. 


ing cutters. The purpose of such an operation is to grind a small circular. 
land on the tooth adjacent to the cutting edge that is concentric with 
the axis of the cutter; thus, the radius of each tooth is equal. When cach 
tooth is ground, the operator сап observe the gradual elimination of the 
circular land until a sharp cutting edge is attained. A small circular land, 
001 or .002 inch wide, is sometimes left on the teeth of face milling 
cutters. In either case, by this procedure the operator can be sure that the 
radius of each finish ground tooth is equal and that there are no “high” 
teeth on the cutter. This procedure is particularly useful for grinding 
c-diameter face milling cutters which have a large number of teeth, 
because it eliminates the effect of wear on the grinding wheel 

After the face-mill sharpening operation has been completed, the cut- 
ter should be checked for run-out on the periphery, the corner, and the 
face with a .0001-inch dial test indicator. The runout should be kept 
to .0005 inch for cutters up to 12 inches. If the cutter is to be used for 
milling steel, the cutting edges should be beveled slightly with a hand 
hone. A diamond-honing stone will give the best results for honing car- 
bide cutters. Do not hone the edges too much as this сап reduce the life 
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of the cutter between sharpenings. A slight bevel 002 to 003 inch in 
width is usually sufficient. Before a carbide cutter is removed from the 
grinding machine, the teeth should be inspected with а magnifying glass 
to make certain that there are no defects on the cutting edge. 


‘Sharpening End Milling Cutters 

Since they are essentially alike, the peripheral teeth on end milling 
cutters may be sharpened by the use of any of the procedures previously 
dleseribed for sharpening the teeth on plain milling cutters, especially the 
method by which an eccentric relief i= ground. The primary differenee is 
that the end mills are held by their shank instead of on an arbor. A typical 
setup for sharpening the peripheral teeth on an em mill is shown in Fig. 
14-19. The end mill is held in a workiwead spindle; it is held against a 
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Fig. 14-19. Setup for sharpening the peripheral teeth of an end milling cutter 
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stationary tooth-rest blade hy rotating the workhead spindle w 
mill is ground by moving the table of the machine baek and forth, The end 
mill sharpening fixture shown in Fig. 14-20 has a spindle that may he 
mounted in an air bearing or in a plain bearing; the spindle ean he rotated 
or moved in and out with little effort, Held in the spindle of this fixture, 


the peripheral teeth of the end mill are ground by moving only the spindle 
hack and forth while at the same time rotating it to hold the eutter against 
the stationary tooth rest, which ean be dene with great sensitivity. A 
meter head used to mensure the е is attached to this fixture. 
espeeialiy useful for measuring the «ize of cutters having an odd 
еец, such ах three fluted i onally an end mill 
must he sharpened so that there ix a minini loss in diameter. [n this 
event the peripheral teeth are sharpened by grinding the face of the tooth 
amd a part of the flute. 

‘The amount of stock that is removed per pass when grinding an end 
mill depends upon the end mill size and the material from which it 
is made. End mills made from general-purpose high-speed steel can have 
а depth of cut as much as 002 inch per pass. In sharpening end milling. 
cutters made from highly alloyed high-speed steels—such as are used 


Li 
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to sharpen the peripheral 
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to cut high-temperature alloys—a depth ranging from 0003 to 0005 
inch per pass is used. The finishing cuts should also be very light in order 
to produce a smooth, sh 

The sctup for sharpening the end ‘end milling eutter is shown 
in Fig. 14-21. In this setup the x ig. 14-20, is used 
to grind the peripheral teeth; I sharpen the end teeth, a collar 
оп the spindle is adjusted so Chat it will not move lengthwise. The end 
tooth which is to he ground is held in a horizontal position by a stationary 
tooth rest attached to the id placed in the flute as elose to this 


outer of The Weldon төн Co. 
Fig 14-21. Setup for sharpening the end teeth on an end mill, using an end mil 
sharpening fxture 
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tooth as possible In this ease the fixture is tilted to the angle to he ground 
on the tooth; on cutter and tool grinders equipped with a tilting head. this 
head, instead of the fixture, may be tilted to the required angle. Each end 
tooth is then ground to a sharp edge by indexing the spindle against the 
tooth rest, The workhead shown in Fig. 14-19 can also be set up in a 
similar manner to grind the end teeth. 

The entire job of sharpening the end teeth on end milling cutters is 
rather complicated and will usually require several setups similar to the 
setup in Fig. 14-21. It requires special knowledge and skill, as shown by 
the step-by-step procedures in Figs. 14-22 through 1427. In these illustra- 
tions the shaded areas indicate the surfaces that arc to be ground. 

‘The first step in sharpening the end tecth is always to remove all of 
the wear on the end teeth and at the corner. Particular care must be taken 
to remove all of the wear on the corner. This operation is illustrated in 
Fig, 14-22 for a two-fluted end mill. The preliminary grinding operation. 
on four-Ruted and other end mills is made in the same manner. 

‘The end teeth on two-fluted end mills are sharpened in three operations 

shown at A, B, and C in Fig. 14-23. A fourth operation, shown at D, is 
optional. The procedures for sharpening the end teeth of other common 
end milling cutters are illustrated and described in Figs. 14-24 through 
14-20. 
А radius grinding attachment, shown in Fig. 14-28 must be used to sharpen 
hall nose end mills, whieh are used in dic sinking and other contour mill- 
ing operations. The procedure for grinding these cutters is dleseribed in 
Fig. 1427. 


Sharpening Form-Relieved Milling Cutters. 

Form-relieved milling cutters are sharpened by grinding the tooth face. 
The relief of these cutters is made so that the profile or form of the 
cutter is retained if the tooth face is correctly sharpened. On many cut- 
ters of this type the tooth face is on a radial line with respect to the 
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Fig. 1-22 Two-futed end mills before and after the preliminary grinding operation 
on the end teeth. 
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Courtesy af The Metal Cutting Toot Institute 
Fig. 1423, Procedure for sharpening the end teeth of a two-futed end mill 


of the cutter, Because of this design, the cutter has a zero rake angle. 
Sometimes the tooth face is not made radial so that the cutter will have 
positive rake angle which may provide an improved cutting action. It 
is very important to retain the original rake angle when these cutters are 
sharpened; otherwise the profile of the cutters will be altered. 

A setup for sharpening a form-relieved milling cutter is shown in 
Fig. 14-29. А dish-type. grinding wheel should be used. The outside 
diameter of this wheel should be dressed to provide a radius that will 
blend with the radius at the bottom of the cutter flute. The inside cone 
should be dressed to an angle of 5 to 10 degrees with respect to the face 
of the wheel. The cutting edge of the wheel should be approximately МА; 
inch wide and the wheel-head spindle must be in а horizontal position. 
‘The procedure for sharpening а cutter with a radial tooth face or zero rake 
is given here: 


1. Mount the tailstocks on the table. Do not start the grinding wheel. 
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2. Align the face of the grinding wheel with the point of the tailstock 
centers. Set the eross-slide micrometer dial to read zero. 

y on the tailstock centers, 

ling wheel from interfer 


3. Mount the cutter and arbor as 
Raise the wheel head to prevent the 
ing with this operation, 

4. Attach the universal tooth-rest assembly to the table, Use a plain 
tooth-rest blade. Do not position the blade against the cutter at 
this time. 

5. Lower the 

6. Rotate the cutter until the tooth face touches the grinding wheel 
Holding it in this position, bring the tooth-rest blade against the 
back of the tooth as shown in Fig. 14-23. 

7. Move the cutter away from the grinding wheel a few thousandths 
of an inch with the cross slide and traverse to the right until the 


ling wheel into one of the tooth spaces. 
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for sharpening the end of a fou-foted end mill which has 
s tenter hole. 


wheel is eilear of the cutter. Reposition the cross slide to 
the original zero setting and start the grin 


ing wheel. 


8 From this point on, all of the grinding is done with the cross slide 
set at zero, The depth of cach eut is obtained hy advuncing the 
tooth-rest blade with the micrometer adjustment, which will rotate 
the eutter about ite own axis and thereby advance the tooth 
toward the grinding whe 
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dor sharpening the end of a four-futed end mill which has 
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Fig. 14-26. Proced 


9. Advance the tooth-rest blade to obtain the desired depth of cut, 
and grind the tooth face by one of the following methods: 


a If a large amount must be ground off the tooth face to obtain 
а sharp cutting edge, the grinding whee! should approach the 
cutter from the top. Set the depth of cut to clean up the entire 
tooth face. Holding the cutter firmly against the back rest, 
traverse the table back and forth. At the end of each traverse, 
feed the grinding wheel down a few thousandths of an inch 
Continue until the cutter reaches the bottom of the tooth, 
Rough grind each tooth in this manner. 

b. To finish grind the teeth and to remove only а small amount 
of stock, set the wheel to grind the entire tooth face every 
traverse. The depth of eut should be about 0005 inch per 
traverse. Traverse the table forward and back across the face 
of the tooth. Grind all of the teeth at the same setting before 
advancing the tooth rest again. Advance the tooth rest an- 
other 0005 and again grind all of the teeth. Repeat until all 
of the teeth are sharp. It is important for all of the teeth to 
be ground at the same setting on the last cut. 
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Fig. 14.27, Procedure for sharpening the end of а two-fute, ball-nose end mill used 
‘indie sinking. 


10. Check the cutting edge of each tooth with а .0001-inch dial test 
indicator. The concentricity of all of the teeth should be within 
10005 inch when tested between the tailstock centers 


If the cutter has an axial rake angle, the grinding procedure is the same; 
however, a slightly different procedure is used to make the setup. This 
procedure is deseribed here: 


1. Align the grinding wheel with the point of the centers as before. 

2. Mount the clearance setting fixture on the left side tailstock. 

3. Mount the work and arbor assembly on the tailstock centers. 

4. Lower the grinding wheel into one of the tooth spaces and rotate 
the milling cutter until it touches the cutting edge of the grinding 
wheel. The grinding wheel should not be running, 

5. Hold the work in this position and clamp the clearance setting 
fixture dog on the arbor. 

6. Adjust the clearance setting fixture to read zero. 

7. Rotate the face of the tooth away from the grinding wheel to the 
correct radial rake angle as indicated by the graduations on the 
fixture. Clamp the graduated plate to the fixed plate. 

8. Position the tooth-rest blade against the back of the tooth. 
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9. Move the eross slide unt 


the wheel just touches the face of the 

tooth. Set 0 dial of the eross-slide feed serew to zero. 

10. Move the eross slide a few thou inch to back the 
tooth away from the grinding whee! verse the table so that 
the wheel is elear of the cutter. Reposition the cross slide to the 
origi ion 

11. Remove th 


А new cutter that has never bet 
tooth ground before it is user. The back face of 
face for sharpening the tecth. The procedure for doing this is similar to 
grinding a zero rake cutter, except that the cutter is positioned in the 
machine with the back face facing the grinding wheel and the tooth-rest. 
blade placed against the front tooth face. The cutter is adjusted until the 
face of the grinding wheel and the back face of the tooth are in the same 


е the back face of each 
cach tooth is the locating 
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Fig. 16-19. Setup for sharpening a form-rekeved milling cutter 


plane. Take a light eut across each back face until it is cleaned up. The 
final cut on each back face must be made at the sume setting. 

Several attachments are available or сап be built for sharpening form 
milling cutters. The cutters are usually hekl with the axis vertical in 
these attachments. Although the operation differs slightly from the one 
just deseribed, no new principles are introduced. 


Grinding Reamers 

‘There are several different kinds of reamers, and for cach of these the 
grinding procedure is somewhat different. The most common type of 
reamer is the solid machine reamer and the following instructions pertain 
to this reamer. Most reamers are finishing toois in which the size of the 
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hole being finished depends upon the size of the reamer. For this reason 
reamers should be ground with a great deal of care and concern for 

Machine reamers are sharpened by grinding the chamfer angle on the 
end of the reamer. The outside diameter of the reamer teeth is not 
sharpened because this procedure would make the reamer undersizc. Some- 
times the eutting face of the reamer inside the flute is ground in order to 
remove a slight amount of wear or some other defect from the cutting 
edge. Occasionally the outside diameter of a reamer is ground undersize 
in order to produce an off-standard hole. 

The outside diameter of а reamer is finish ground by cylindrical grind- 
ing on a cylindrical grinding machine or on a cutter and tool grinding 
machine. The cylindrical grinding attachment is set up, and the wheel 
head is centered with the centers of this attachment by using the centering 
gage. A dog is placed on the shank end of the reamer, and the reamer is 
placed between centers in the machine as shown in Fig. 14-30. Make 
certain that the centers are clean and in good condition before placing the 
reamer in the machine, The reamer should rotate in the direction opposite 
from which it would rotate when cutting. Only very light cuts should be 
taken when finish grinding the reamer to size, and care must be taken to 
make certain that the diameter of the chamfer end is not less than the 
diameter at the shank end. The diameter at the chamfer end may be 
ground about 0002 inch larger than the diameter at the shank end. This 
is called back taper, and on some reamers a definite amount of back taper 
is specified. 
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Fig. 130. Cylindrical grinding of a reamer on a cutter and tool grinding machine. 
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The teeth on some reamers are eut so that they are not diametrically 
opposite each other, in which case the diameter cannot be measured with 
ordinary outside micrometer calipers. One method of sizing reamers with 
staggered teeth is to take a cylindrical piece of steel the same length as 
the reamer and to grind the diameter about .001 inch larger than the 
reamer, The reamer is then ground to this size and removed from the 
machine. The test bar of steel is placed in the machine, and a short length 
is carefully ground to the size of the reamer using very light cuts and 
allowing the grinding wheel to spark out. When the final cut is completed, 
the micrometer dial of the cross-feed hand wheel is set to zero. A 0001- 
inch dial test indicator is mounted on an indicator base, and the dial is set 
to read zero when the indicator point touches the highest point on the 
ground surface. The test bar is removed and the reamer placed back in 
the machine. The reamer is then carefully ground to size. The finished 
size is obtained when the micrometer dial on the eross-feed hand wheel is 
at zero. The size can be checked with the dial test indicator. 


Conr of Cincinnati Maeron 
Fig. 14-31. Grinding the primary relief angie on a reamer. 
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‘The cylindrical grinding operation produces a cylindric 
оп the peripheral surface of the reamer. Part of ti 
margin is retained on the finished reamer. The primary relief angle is 
ground behind the margin, with a specified margin width left. The width 
of the margin will vary from 005 to as much as .040 inch, depending 
upon the size of the reamer and the material to be reamed, For example, 
the recommended margin width for reaming steel with a general purpose 
reamer is 005 inch for ich reamer and 010 for a l-inch reamer. 
А slightly larger margin (010 to .020 inch) is left on reamers specifi- 
cally designed to ream cast iron, and for aluminum the margin can vary 
from .010 to as much as 040 inch. The primary relief angle is ground 
in а manner that is similar to grinding the primary relief angle on plain 
milling cutters. The setup for this operation is shown in Fig. 14-31, The 
primary relief angle depends largely on the size of the reamer. It is 15 to 
20 degrees for a 34-inch reamer and 6 to 9 degrees for a 1-inch reamer. A 
secondary relief angle is usually ground behind the primary relief angle. 
It, too, is dependent upon the size of the reamer, varying from 40 to 12 
degrees. 


ing tools, they are sharpened by 
if the reamer starting 
lı of the eml chamfer, the chamfer 


chine reamers are end е 
grinding the relief angle on the chi 
taper, this, too, is ground. The len 
angle, and the chamfer reli must all be ground to uniform size, 
otherwise the reamer may cut oversize. While some machine reamers have 
а stunting taper, most do not. On hand awl machine reamers equipped 


сошник of Cincinnati Mitacron 


Fig. 14-32 Sharpening the chamfer relief angle on a reamer. 
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with а starting taper. the taper 
measured with respeet to the reamer a 
taper is usually short, being 1/16 to 1, 
modifications are sometimes used. especially o 
‘The starting taper is gro 

by using the setup shown 

For most 
and the chamfer 


vary from 1 to 10 degrees, 

ine reamers the starting 
it although other special 
the larger size гелет». 
«йде, or even to а hairline edge, 


amer ix 45 degrees 
degras. On left-hand helix 
reamers, the chamfer angle should be about 30 degrees, or even less, if the 
reamer has a large helix angle, in order to have а positive effective rake 
tingle, In general, the chamfer should be ground to а sharp edge. 

‘Two setup for grinding the с) non in Figs. 14-32 and 14-33. 
In Fig. 14-32, the reamer is held het the table is tilted 45 
degrees for grinding th afer relief angle is formed 
hy tilting the wheelhead to fl иде, In order to obtain a con- 
vontrie eh operator shouid hold the face of the flute against the 
tooth-rest blade with uniform pressure when gr 
reainers may not han aeh end; t 
vult to grind between cen 
tioning of the grinding wheel to grind the el 
amer cham ngle grinding fixture, bown in Fig. 14-3 
used, although this fixture i not restricted to grinding small reamers. The 

the 
үт. The required chamfer 
justing the position of 
tolleret hlade 
er lightly against 


Comers of The Cinidond төзи Drit Co 


ке mele grinding fixture sel пр ю sharpen a chamfer. 
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Numerically Controlled Machine Tools 


Numerical control, or NC, is a precise cleetronie control system used to 
slireet the operation of machine tools in conformance to a predetermined 
program; it is characterized by ats ability to control the path or position 
of the eutting tool or workpiece along numerically defined machine tool 
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a manufarturing department 
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coordinates. Although certain modifications arc required to install an NC 
system onto a machine tool, its basic appearance is not necessarily altered, 
as сап be seen by the NC lathes in Fig. 15-1. There are, however, machine 
tools that have been specifically designed to take full advantage of NC 
and these machines do have a different appearance. Examples of such 
machines are the slant bed lathe, shown in Fig. 15-2, and the machining 
center, shown in Fig. 15-3. However, the basic machining operations have 
not changed as a result of NC. Turning, drilling, milling, and all other 
machining operations аге performed on NC machine tools in the same 
manner as on their manually controlled counterparts. 

‘NC provides many advantages. It can very rapidly position the cutting 
tool and the workpiece in readiness to take a cut, thereby reducing the 
mon-cutting time of the machine. While aceuracy’ is not necessarily in- 
creased by NC, it ean often be achieved more rapidly as a result of NC 
by reducing the number of trial euts required to position the cutting tool 
or the workpiece at the start of a cut; on NC machine tools a trial cut is 
usually required only on the first part to be machined ani in many cases 
trial cuts can be entirely climinated. The machine tool movements on NC 
machines are repeated precisely, resulting in а reduction in the scrap rate; 
for drilling operations this capability eliminates the need to use drill jigs 
їп order to locate the positions of the holes. A single NC part program can 
e written to direct the machine to perform many different operations and 
to machine many different surfaces on a part, thereby reducing the number 
of setups ancl work-holding fixtures required. Son »achines, such as 


Crete of Cintinnati Min 

Fig. 15-2. CNC slanted universal turning venter for chucking and for turning on 

centers, In onler to show tooling Protective window shields have heen 
removed. Slant bed design allows chips to fall into chip conveyor for removal 
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Fig. 15-3 Thece-axia CNC machining center eqpipped with a rotary index table and 
ı1 30-09 ra e automatic tool changer. 


that shown in Fig 12 
motions that are 

capability 
ми aireraft structu 


1, are designed to generate complex machine tool 
y human capability to control. Th 
ities, airfoil surfaces, 


Types of Numerical Control 


fied by: two hasie methods of 
d continuous path. The point 
torpoint method iv ako calle positioning, and is wed on machine toole 
that operat nary position while the 
being mae ling machines. The NC system 
es the table fist in onc and 7 position, without concern 
or the path follows! to reach these positions Whon moving from one 
в to the other, the cutting tol ix clear of the workpiece. Many 
point-to-point XC mae he of а limited amount of U 
“picture fran perpendicular 
directions of degrees. A the name implies 
continuous path NC or eontonring. as й 4, controls the path 
followed by the cutting tool or ч This typ of 


Numerical control systeme m: 
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NC system is used on lathes, milling machines, amd other machine tools 
aight line euts and 


Costo of Cincinnati Miaeron 


Fig. 15-4. Aircraft fuselage ring section produced on five axis profile milling machine 
in two setups- one for each side 
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LIST OF SOME COMMON NC SYMBOLS 


BCD Binary Coded Decimal 
CAD Computer Aided Design 

CAM Computer Aided Manufacturing 
CNC Computer Numerical Control 
CPU Central Processing Unit 

CRT Cathode Ray Tube 

DNC Direct Numerical Control 


EIA Electronic Industries Association 
Ic Integrated Circuit 

MCU — Machine Control Unit 

NC Numerical Control 

PC Programmable Controller 


PCB Printed Circuit Board 
RAM — Random Access Memory 


Another method of classifying NC is by the difference in the design of 
the machine control unit (MCU). This is the unit that receives the infor- 
mation required to machine the part and processes it into a form that 
can be used to control the operation of the machine tool. The part program 
containing the machining information i» encoded on a perforated, or 
punched, tape, whieh is run through a tape reading head on the MCU in 
order to enter the part machining information into this unit. 

‘There are two basic types of machine control units, hard-wired and 
СМС, also known as soft-wired NC. As mentioned in the List of NC. 
Symbols, CNC stands for Computer Numerical Control. Outwarilly both 
types of machine control units have а similar appearance; however, their 
inner construction is very different. 

Hard-wired units have permanently wired circuits connecting the clee- 
tronic elements of the MCU. These units are designed specifically to con- 
trol one type of machine tool only. Many of the units have а digital 
readout that will display the coordinate positions of the sliding elements 
of the machine tool. A characteristic of hard-wired units is that the tape 
must be run through the tape reader each time that a part is to be 
machined. 


izes a dedicated computer in place of the hard-wired circuits, 
computer is one that is designed to fulfill a single purpose, 
which, in the ease of CNC, is to store and process the machining data into 
а form that can be used to control a mac 

often a mini-computer. As built, the computer is unable to perform any 
function; it must first he "set up" electronically. by having a control pro- 
gram entered into its memory. This is done by means of a punched tape, 
which is prepared by the builders of the computer or the machine tool 
before it reaches the user. The control program contains instructions tell 
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ing the computer how to process the machining information contained 
the part program; it makes the computer “think” like a lathe, milling 
machine, ог any other designated machine tool. А computer may have 
any one of many different control programs entered into its memory that 
enable it to control any one of many different types of machine tools, The 
part program is entered into the computer memory by the user, also by 
means of a punched tape. (More than one part program ean be stored in 
the computer memory.) This program provides the instructions required 
to machine the part. Since the part program is stored in the computer 
memory, it is only necessary to run the pinched tape through the tape 
render once, which is a particular feature of CNC units. Many CNC units 
have another prominent feature, а cathode ray tube (CRT), which сап 
display machining information on its sereen. Some CNC units have com- 
puters that have a very good computational ability, while others do not 
One computer may receive information from another computer then send 
this data to other phases of the manufacturing system, making it possible 
to integrate the machine tool which it controle into а computer aided 
manufacturing (CAM) system. 

СМС must not be confused with DNC, or direct numerical control 
DNC is а numerical control system whereby the machine control unite 
of more than one machine tool are connected to a common, centrally 
located computer, whieh is itself remote from the machines. This computer 
is used to store the part programs and on demand distributes the machin- 
ing data to the different maehine control units throughout the plant. 

Another type of machine control unit is the programmable controller, 
or the PC. Programmable controllers are computerized soft-vired units 
that can control a sequence of events: applied to machine tools they eon- 
trol the sequence of the operation of the machine elements, They cannot 
control the path oF position of the cutting tool or workpiece along pro- 
grammed numerically defined coordinate dimensions; for this reason they 
are not considered to be true numerieal control units. Programming a PC 
is simple compared to programming an NC unit. The programmer, who 
may he the machine operator, enters the part program into the PC unit 
hy means of pushbuttons located on a keyboard built into the control 
panel of the unit. The program entry is then displayed on the sereen of а 
СЕТ and stored in the computer memory for we when the machine is 

п operation. 


NC Machining 

The objective of this <cetion is to provide an overview of the sequence 
of evente required to machine a part on an NC machine tool. The first 
step in this sequence ie to prepare the part program. 

Preparing the Part Program. The part program is prepared by a part 
programmer whose qualifications will vary, depending upon the complex- 
ity of the parts that be is expected to program. In general, he must be able 
to read part prints, have а knowledge of machining operations and metal 
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asie mathematie—or more advanced 
дех parts. When ning the 


cutting tools, and be able to we 
mathematies when program: 
computer assisted progr: 
particular processor 


the part, Although in 
ed by the machine table when 
the programmer must assume that the 
‘= He must know how the ps 


v enses it is the workpiece 
king а eut, when prog 
cutting tool is moving in 
held on the machine 
vutting tool and a 
cutting tools and specify 


He will select the 
ever a large amount 


part of the worksholding fixtus 
heir speed and feed. WI 


the power ге onler to specify cuts that will not overload the 
machine, yet use the maximum ıt of power available, With all of. 

this in mind, he lists all of the e nts 
tool funetions required to machine the ral sequenee. TI 
the “ma 
Manual Programming. There are two methode of writing the program 
1. manually, and мүк in manual 
ng requires that 


all of the cutter moves 
manuscript in xequenee. A 
must he given; the progran II of the eutter positions 
rand specify them on the manuscript. The mamiseript is then taken di- 
reetly to a tape preparation an ordinary typewriter 
The part program ix encoded on a tape by this unit, whieh also prints n 

ish letters and Arabie 


coordinate data 


his is called a printout 
Computer Assisted Programming. Comyn ted programming is 
used to eliminate the need to make the calculations required to determine 
the numerical coordinate data. These аге often complex and 
time consuming, especially when programming vontinmons path type opera- 
tions where cutter offset calculation: must be made. The computer сап 
nake these ealeulations ve and without error. With this method, 
the part program is written in a special processor language. There are à 
number of different processor languages, varying in complexity 
to the complexity of the parts to be pr 
language consists of certain symbole 
articular and precise meaning. The part programı written in this language 
consists of generalized statements telling the eutter where to ко, and other 
statements to instruct the machine on how it must operate. Processor 
te greatly simplify the task of writing the program and reduee the 
nher of entries in the wanuserint 
The steps in computer assisted programming are shown in Figs. 1 


58 
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PART PART — MANUSCRIPT ТАРЕ 
PRINT EAT R PRE DARATIDN 


D-i — ©) 


TAPE EDIT TAPE PRINTOUT TAPE 


E-[E—2 


MCU MACHINE FINISHED: 
TOOL PART 


Fig. 15-5. The steps in manual part programming. 


written in a processor lu ik taken to 

eneades the program ont 

to enter the part program int 

program i processed in the eon 

into numerical coordinate 

punched tape of the 

E printout is 
When the computer ix in. 

another city, the p 

seript, 

in the plant whieh is eo 

rial teleph 


iy punch, where an operator 

i e used 
the computer, The information in the part 
т from the processor language form 
peel tape punch then makes а 
'occseed part program in its mimerieal form; at the 


tion, whieh may he as far away ns 
тее. The program manu- 
data termi 


manual programming. After it has been edited, this tape ix read direetly 
into th uter of the CNC unit, which processes it 
though this is abo a form of computer assisted programming, the part 
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PART PART MANUSCRIPT KEYPUNCH PUNCHED| 
PRINT PROGRAMMER CARD 


© 


=a 


TAPE PUNCH 
EDIT TAPE Tape El PRINTOUT COMPUTER 


> _— 4 
FINISHED 
MACHINE PART 
TOOL 


ited part programming using an inhouse 


program is 
computer. Inthi 
Editing. Before it is used, 
correct any mistakes tha 
ments in the part prog 
the program at this time. S 
letters and Ar 
attern of the punched bo 
to carefully review the printout. This ie а very good method of editing 
tapes made for pointto-point machining programs because the numerical 
data on the printout describes the exact cutter postions for the machining. 
operations. Although th the cutter are also 
dimensions of the 
peneations in the 
«l for the nose radius 
then reviewing the printout 
th machining programs; if 


ot hy a « 

like those shown in Fig. 

хе tape should be edited to find and 

's, while editing, improve- 

be incorporated into. 

out contains the information, 
t is coded on t 


arate 


workpiece on this 
positions of the cutter required for cutter ofis 
effects, If the exact cutter positions are know: 
is an effective method of editing continuous- 
not, other methods are used. Tape editing units are helpful in this event 
One type of tape editing unit plots the path of the cutting tool on paper 
and another type «displays the cutter path on а CRT. These units are 
useful in preventing a serious collision from occurring on the machine 
tool; they detect decimal point errors of the type that occur when the 
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REMOTE COMPUTER 


PART T. MANUSCRIPT _ DATA 
PRINT TERMINAL 


ha — BO — 


EDIT TAPE PRINTOUT ТАРЕ 


o-B-E-s 
TAPE MCU MACHINE тне 
TOOL PART 


Fig, 18-7. The steps in computer assisted part programming using a computer located 
in a remote area which may even be in another city. 


machine tool slide moves ten inches when a one-inch movement is intended 
‘The fine editing is then done at the machine by working on a sample part. 
Sometimes a "dry" run is made first by running the machine tool through 
the programmed eycle without а part actually in place. If the machine is 
controlled with a CNC unit, the corrections and changes can be made in 
the part program while it is stored in the computer memory. Some CNC 
units have a high-speed tape punch, which is used to make a corrected tape 
from the corrected part program stored in the computer memory. This 
tape is used as a permanent storage medium for the corrected part pro- 
gram. It is used for re-entering the program into the computer memory, 
when required. Editing is also often done after the actual operation of 
machining the parts has started in order to improve the efficiency of the 
operation or to correct any small errors. This may include changes in the 
cutting speed, in the feed rate, or small changes in the cutter position. 

The NC Machine Operator. The machine operator fulfills an important 
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funtion in NC machining whieh is bevond merely loading wil uuloarling 
the part on the machine. He must know how to operate and take care of 
the тилеке, read pare prints, know how to ust and take care of precision 
tools, and have an wnlerstandling of rutting tools. The operator should he. 


provided with a complete xet of instructions for etting up and machini 
‘each part 
As always, the first step in doing the job at the machine is to set up 


the work-holing fixture, the workpiece the rutting tools, and the machine 
1001, On the first part to be mac! yeso to establish the 
position of the «нїш tool in workpiece hv taking a 

ft, especially Tor finishing leraner- operations. А 
oversize vut i taken, or when boring а hole the first ent 3 made 
size, The surface that has heen eut i then mearured and x compenention 
is wide in the position of the cutting tool or the workpieee so that the 
workpicee ean now he machined to size. On сом. tolerance work similar 
compensations may have to be made at vations timen lo compensate for 
tool wear. The operator should wateh the cutting tools for signe of wear 
and replace any that are dil, He el teh the machine tool and the 
snnehining operati . In «orc shops, the opera- 
tor inspects а finished pi rather part i« being 
machine 


in the mach 
pan from coming off the mac 
tor may sometinice be able 1o 
the part program 


Rectangular Coordinates 


AIL NC measurements are based on reet 
Jar coordinates are uniformly eali 
mutnally perpendicular axes. А «x: 
coonlinates is shown in Fig. 15-8. Bs ion. the two axes are ealed 
he axis and the y axis, and their intersection is ealled the origin or sera 
point, Distance along the 7 axis whieh are to the right of the origin are 
tonsidered to be positive; those to the left of the origin are negative. 
Likewise, along the зу axis, distances above the origin are positive and 
those helow the origin arc negative. The position of any point loeate in 
the plane of the coordinate axis ean be specified by the coordinate dimen- 
sions along the z and y axes, For example. m Fig. 158, point A i located 
My moving +3 units im the x direetion and 42 units in the у direction; 
ite position is specified by + 3 
specified by 7—2 and о £2, whi 
А threedinwnsional spar 
in Fig. 15-0. Here a third 
hoth ther and the jr axes. By 


« Rectan 
two or three 
I rectangular 
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Fig. 18, Rectangular -oonlinate жеме. 


the z, у, and = axes, the position of any point in space ean be determined. 
Referring again to Fig. 15-8, the two coonlinate axes are eonsiderel to 
divide the plane into four quadrante. Thus, point A is located in the first 
quadrant, point B in the second and point C is located in the 
ird quadrant; but 0 the fourth quadrant. Another 
stem of coordinate dim 4l polar coordinate». is sometimes 
used to defi g member, ns in tbe ease of indexing. 
Polar coordinates specify the posi its distance from the 
center oF axis of rotation and by the ough whieh it is rotated. 
Since machine tool slides are usually mutual perpen- 
Чйешшг directions, the recta he 
adapted to define the positions of these slides. For example. the table of 
а drilling machine will move in the z and y coortinate directions and its 
spindle will move in the = dircetios ig. VM, view B. In 
order to define the axes of motion of tools more precisely. some 
Modification in the definition of the roo 
as will be shown in а following seetion. 
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Axis and Motion Designations 


‘The axis and motion designations of NC machine tools have been stan- 
dandized by the Electronic Industries Association (ЕТА RS-267-A), They 
are used to identify the motions when writing the program. Some typical 
examples of these designations are shown in Figs. 1510, 15-11, and 15-12. 
All of the motion directions in these illustrations are shown in their 
positive directions; motion in the opposite direetion is negative. Some of 
the motion directions are unprimed while others are designated by а 
primed letter, such as z and т^. The programmer, setup man, and the 
machine operator should think exclusively in terms of the unprimed 
directions. When writing the part program, the programmer must always 
direct the cutting tool to move while the workpiece is considered to be 
stationary. On some machine tools, such ак lathes, the cutting tool ie the 
actual moving element. If, however, the machine element moves the work- 
piece instead of the eutting tool, the control system must respond to the 
part program commands in the opposite direction to that defined by а 
moving tool. An arrow with a primed letter, such as +2", is the direction 
of motion of a moving workpiece in response to а command calling for 
positive motion of the tool; an arrow with an unprimed letter, such as 
+z, is the direction of motion of the cutting fool in response to 
command. 
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VERTICAL BORING MILL 


Fig. 15-10. Axis designations for turning type machine tools, 
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8 VIEW A 
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KNEE TYPE MILLING 
MACHINE 


VERTICAL KNEE ТҮРЕ 
MILLING MACHINE, 
DRILLING MACHINE, 
JIG BORER 


y 
Y VIEW C 

i HORIZONTAL BORING 
z MACHINE 


Fig, 15:11, Axis designations for milling, drilling, and horizontal boring machines 
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the л. y. and 3 axes. The £ axis 
ie always parallel lays positive from 
the work-holding means toward the tookhokling means. Motion that is 
and parallel to the work-hokling surface is always designated 
тау» perpendieular to both the z and 
lel to the x. y. amd z axes are designate a« v. v, 
and ır; tertiary motions in these di 
respectively. The ry and ter 
weed to define motions that are not parallel to the r. y. 
motion exists. Rotary moti allel to the т. 4, and 


у motions ра 


if such 
axes 


re the baste hy whieh numerical 
ze of binary numbers is not 
achine tools; however, it 
т< and NC control units 


“ма are entered into th 
essential to progra 
will provide a better insight into how con; 
operate. 

The binary numbering system is based on the powers of the number 
two. For example, the number 2 is expressod br 2' in the binary system, 
the number 4 by he Тақ of exponente, the number 1 is 
expressed he expressed Бу the sum of 
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appropriate binary numbers. As an example, the numbers one through 
ten are expressed by binary numbers in the following manner: 


9= P42" 
10= 2°42! 


Binary notation is an organized manner of expressing numerical values 
by means of characters whieh represent binary numbers, The binary num- 
bers are assumed to be placed from right toward the left in order of their 
inercasing power, starting with 2°, Instead of writing the actual binary 
number, two characters, called bits, are used, which are usually 1 and 0. 
‘The character 1 indieates that the binary number is present and should 
be counted, while the 0 indicates that it is not present and should not be 
counted. The sum of the binary numbers that are present in a row is the 
numerieal value of the binary not 


: 
ey 
10101 


The numerical value of this binary notation is 2140427404. 
few other examples of binary notation are shown below 


Binary 


The advantage of binary notation is that any number can be expressed 
by using only two characters or bits, Electronically these characters can 
be represented by a switch that is either open or closed. In a computer 
the bits may be a plus or minus charge of a ferrite core, magnetic film, 
or by the charge of another material. Binary notation is used on the 
punched tape; in this ease the two characters, or bits, are indicated by 
he presence oF absence of a punched hole. 


The NC Tape 


The NC tape may be made of paper, a laminate of paper and plastic, 
or aluminum and plastie. The width, thickness, and the size and spacing. 
of the holes have been standardized. The standard width of the tape is 
опе inch and it has eight tracks or channels, not including the small 
sprocket holes used to feed the tape. 
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Таре Format. The tape format is the physical arrangement of the data 
on the program tape and the overall pattern in which it is organized and 
presented. Several different tape formats have been used, including the 
EIA RS244-A (see Fig. 15-134), EIA RS272A, ЕТА RS274-B, EIA 
RS-358 (see Fig. 15-13B), and ASCII. ASCII is also called ANSCII, mean- 
ing American National Standard Code for Information Interchange. The 
EIA RS355 format (Fig. 15-13B) is a sub-set of the ASCII format, and 
is now considered to be the standard format. Older machine control units 
require a specifie tape format to be used; many newer machine control 
units ean handle either ЕТА or ASCII coding. 

Binary Coded Decimal. Ail tape formats use the binary coded decimal, 
‘or BCD method of individual digit coding, Starting from the right (at the 
top in Figs. 15-13A and 15-13B), the first channel is assigned the value 1, 
the second channel, 2; the third channel, 4; and the fourth channel, 8. It 
should be noted that these values correspond to 2°, 2, 2°, and 2, The sixth 
channel is assigned the numerical value of 0. Thus, these channels сап be 
used to designate any number between 0 and 9 in the manner deseribed 
in the previous section and shown in Fig. 15-13. The numerical quantities 
are expressed in binary notation running the length of the tape. Each 
number is expressed in terms of a given number of digits, which is usually 
six. Decimal points are not shown but are understood: in the саве of a 
six-digit number, the decimal point is understood to be between the second 
and third digit. Numbers, letters, signs, and other symbols are encoded 
оп the tape by the pattern of the horizontal rows (shown vertical 
Fig. 15-13. 

Parity Check. Parity check ix a method of automatical 
tape for errors caused by the malfunction of the tape punch. Each hori- 
zontal row must have either an odd or an even number of punched holes, 
depending on the tape format used. The ЕТА RS-244-A tape format has 
ап odd number of punched holes for the parity check, while the EIA 
RS-358 format has an even number of holes for parity. Failure to have 
the required even or odd number of holes in a row will cause the control 
system to stop. 

The Word. The characters or bits in NC tape language are used to make 
up an NC word. Each NC word has enough characters in a logical se- 
quence to cause a specifie machine tool action. For example, an NC word 
might be +05000, meaning that the x coordinate of a point is 5.000 
inches 

The Block. The block, li 


ins a sufficient number of 
ion at a given location. 
For example, the block might contain the z, y, and coordinates plus 
additional instructions for machining the part at this location, 

 Auziliary or Miscellaneous Functions. These functions arc words used 
to transmit machine operating instructions other than coordinate dimen- 
sions. They are identified by a lower case letter followed by a code num- 
ber. Some of the more frequently used functions will be described in the 
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following lines. In all e 
ability to perform the desi 
The f Word. The fees! 

The g Word. This i 


the f word 
used to prepare the con 
iov. For example. 090 indicates 


dimensions; 091 indicates that they will be expressed as ineremen 
dimensions 
The m Function. The m functi e ellancous ma- 
chine tool functione, such as tu 
the rapid tra 
The n Word. The n word 
the blocks. Although not m 


direct 


«atoy, it is common practice to identify 
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every block on the tape with an x word that js usually made of three 
digits; eg, n001, "002, n003 

The з Word. The s word is used to identify the code that specifics the 
spindle speed of the machine. 

The t Word. This word is used with machines baving automatic tool 
changers or turrets whieh ean be indexed in order to position a partieulur 
cutting tool in preparation for taking а eut. The ( word ealls out the 
articular tool that is to he used. 

In addition to those listed, other address chara 
tools that have the capability of implem 


ers are used on machine 
the commands, For ex- 
nl = machine tool ахе are 


The Machine Control Unit 


‘The machine control unit, or MCU, converts the instruetions contained 
in the part program into и form that can be used to eontrol the machine 
tool, There are two types of machine control nits, hard-wired and СХС, 
or computer numerical control, whieh i also called softavined NC. Hard- 
wired unite usc. (ICY digital logie packages whieh are 
mounted in a fi 
hoards (PCB) 
wired together permanent 
fixed amd permanent manner. 
to control only one type of maehine tool. Input signals that activate the 
control funetions mu e., the tape must be 
тип through the tape reader each time a part is to be machined. 

‘The distinguishing 


hoards are also 
mponente in a 
igned and built 


n one type of machine 
icular type of machine tool by entering 
an appropriate control program in the 
hy the builder of the CNC unit or the machine tool before the unit is 


programor the “ 1 sts of an ordered «et of instrue 
tions which pro п with the capabil- 
v of executing the con m. It is stored in the 
computer memory for electronically erased. 
and replace with another control program to enable the CNC unit to 
control another type of machine tool, although this feature ix seldom used. 
Modifications to the control program can be made; this i» usually done hy 
the builder of the computer or the machine too! and very seldom by the 
user. 

The part 


icr and stored in the 
computer memory by д a tape through the tape reader. After this 
has been accomplished the tape is no longer required. except to serve as a 
permanent st dium for the part program. Mora than one part 
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program can be held in the computer memory at one time; the number of 
different part programs that can be stored in the computer memory at опе 
time depends on their length and upon the storage capacity of the com- 
puter. A feature called random access memory (RAM) allows any stored 
part program to be called upon for use whenever it is needed. In this way 
it is possible to store all of the part programs that are to be used to operate 
the machine for a day, a week, or a month. A permanent record of each 
part program must һе kept because when it is stored in the computer 
memory it may have to be electronically crased to make room for another 
part program. The punched tape used to enter the program into the com- 
puter is a good permanent storage medium. Some CNC units are equipped 
to handle diskettes, commonly ealled “floppy dises.” A diskette is a seven- 
inch dise on which the same amount of information can be permanently 
stored as on 2,000 or 3,000 fect of punched tape. When required, the part 
program can he reentered into the computer memory from either the 
punched tape or the diskette 

Many CNC units have a cathode ray tube (CRT) on which information 
can be displayed. There are many ways in which the CRT is of help to 
the machine operator and to the part programmer. While the machine is 
operating, the CRT can display on its sercen the machine slide positions 
for all axes, the feed rate, and other information. А message to the opera- 
tor can be programmed in the part program, which is displayed on the 
CRT screen at the appropriate time. The part numbers of all programs 
stored in the computer memory ean be displayed. Some units сап display 
the number of characters in each program and the number of characters 

lable to store additional programs. Other information that may be 
displayed includes tool offsets, tool length compensations, cutter radius 
‘compensations, and fixture offsets. Some CNC units have a computerized 
self-diagnostic program used to isolate and identify malfunctions in the 
NC system; the CRT is used to display the diagnostic information. 

An important application of the CRT is to display part program infor- 
mation when editing. Information may be added, deleted, or changed їп 
the part program while it is stored in the computer memory without in- 
volving the tape. Some CNC units have а highspeed tape punch which 
is used to make a tape of the edited and revised program for permanent 
storage. 

The computers used in CNC units may or may not have the ability to 
perform computations from information given in the part program in the 
form of generalized processor language statements. Those that do not 
must have the input data on the tape include the numerically defined 
coordinate positions for cach movement of the machine tool slides. The 
degree to which this information is required or not depends on the com- 
putational ability of the computer. Some computers have only a limited 
amount of computational ability; they may be able to calculate bolt hole 
circles, pocket milling sequences, or make similar calculations from a 
single statement on the program. Others can calculate the numerical coor- 
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dinate data from generalized processor language statements for entire 
programs of varying complexity. 


Computers 

Computers are used for two distinet purposes in NC. In computer 
assisted programming, computers having computational ability are used 
to generate numerical part program data in a form that can be used by the 
MCU of a machine tool. These computers are not a part of the MCU; 
they may be situated in а remote location. Another application of com- 
puters is in CNC; these computers are a part of the MCU. Generally they 
are smaller computers, often minicomputers. In CNC applications the 
computers are primarily used to store part programs and to process these 
programs in order to generate output signals, which when amplified, con- 
trol the operation of a particular machine tool. In some designs the com- 
puter performs the entire control function, while in others it performs a 
storage and "read" function, with the control function performed by a 
hard-wired circuit. Although many computers in CNC units have only 
a very limited or no computational ability, others do have some computa 
tional ability and are able to calculate specific coordinate positions from 
generalized processor statements. 

Computers utilize binary notation. The Arabic numerals are converted 
to binary notation by the computer. Likewise, the output data intended to. 
be read by humans is converted back into Arabic numerals by the com- 
puter. Tt is not necessary for the programmer to understand or to use 
binary notation. Binary notation is used because it is made up of only 
two digits. The two binary digits correspond to two conditions at which 
the electronic components of the computer ean exist, namely, on or off, 
charged or discharged, a positive or negative charge, or conducting and 
non-conducting. For example, a binary zero (0) may be represented by а 
positive charge and a binary one (1) by a negative charge. The positive 
or negative binary notation is called a “bit.” 

The basie memory and logie section of the computer is ealled the central 
processing unit, or CPU, whieh includes all of the cireuits that control the 
processing and execution of the instructions entered into the computer. 
"The computer logic elements are composed of many small electrical cores 
or films that ean change from one condition to the other almost instantane- 
ously and with no apparent movement. The computer operates by simply 
adding numbers. Only nanoseconds, or billionths of a second, are required 
to make simple additions. Subtraction is accomplished by adding а nega- 
tive to a positive number; multiplication is accomplished by making a 
series of additions; and division is accomplished by a series of subtrac- 
tions. A unique feature of the computer is its ability to utilize its own 
developed output data as additional input data. It сап add a series of 
numbers, store the sum, and retrieve this sum at a later date for additional 
processing. 
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Several methods can be used to enter information into the computer 
and for receiving the processed output. Information may be entered and 
received by means of a punched tape, tabulating cards, а teletype machine, 
diskettes or “floppy” dises, magnetic tape, and by signals from or to 
another computer. Other common output form are printout sheets and 
electrical signals that сап be used to control the operation of machine 
tools. Some computers have provisions for buffer storage; i-e., information 
to be used in a program сап be stored separately and in advance so that 
it is immediately available for action after appropriate instructions have 
been given. With buffer storage itis not necessary to wait for information 
to be read either from a tape or from tabulating cards. 

Frequently encountered in dealing with computers are the two terms 
hardware and software. Hardhcare is the term used to describe the pi 
cal component parts of the computer. Software is the teram used to deseribe 
all of the program manuscripts, tapes, deeks of tabulating cards, and all 
other documentation associated with computers and NC. 

Software items essential to the operation of а computer are the control 
program and the general processor. These two programs are entered 
into the computer by the builder, ami without them the computer 
would not be able to funetion, The control program, also called “the ex- 
ceutive program,” is used in CNC; it consists of ax ordered set of instrue- 
tions in computer language and format which provides the computer based 
control system with the capability of properly executing the system fune- 
tions and the commands of the part program. The general processor is also 
called a processor program, master program. or just simply, processor. It 
is a program used by computers for the purpose of calculating coordinate 
data when programming by the computer assisted method. The general 
processor instruets the computer how to perform the computations spe 
fied by the part program, which are written in generalized processor lan- 
guage; it prepares the eutter location data for a particular part without 
reference to the machine tool on whieh the part i to be machined. Before 
the output data developed by the generalized processor ean be used it must 
be post-processed; i.e., it must be processed in the computer by another 
program which is called the post processor. The post processor is a com- 
puter program which adapts the output of the data of the generalized 
processor to the requirements of a particular combination of machine tool 
and MCU. Thus, the slata re the post processor program is 
in а form that сап be used b lar NC machine tool to machine 
the part, There are many different general processor programs; some are 
for general use while others have been developed by the builders of ma- 
chine tools and eomputers for use on thei ment, along with the 
required post processor. 

‘The basie unit of computer logie is the ward, which ix composed of a 
number of bits. The size of the computer i rated by the number of words 
of memory or capacity that it has. A minicomputer will have 4K to 8K 
capacity, where K denotes kilo, or a thousand; ie., the mini-computer 
‘will have 4,000 to 8,000 word capacity. Medium sized computers will have 
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16K, 32K, or 64K capacity 
capacity, or more. 


Interpolation 

Interpolation means the approximation of curved sections by a series of 
straight lines; i.e., curved sections are cut hy means of a series of straight- 
line cuts, As shown in Fig. 15-14, four straight line cuts do not produce an 
acceptable circular section. Six straight-line cuts are only slightly better, 
and twelve straight-line cuts produce a rough approximation of a circle. 
А very close approximation of a circle сап be obtained if а sufficient nu 
her of short, straight-line cuts can be taken. The number of cuts required 
is dependent on the largest acceptable error between the chord and the 
theoretical arc of the circle, as expressed by the dimension T in Fig. 15-14. 
‘This dimension is determined by the requirements of the part. Obviously, 
the smaller the allowable T dimension is, the more straight-line cuts will 
һе required to generate the curve 

Linear interpolation is а method by which the coordinate positions of 
cach straight-line cut must be programmed and made to appear on the 
program tape or in the computer storage. While this method is used, it 
can require a vast amount of numerical data to he generated and stored, 
which limits the amount of seulpturing work that сап be done by this 
method. 

Cireular interpolation greatly reduces the amount of numerical data 
required. Although the curved surfaces are generated by a series of short 
straight-line cuts as before, a computer component in the MCU computes 
а sufficient number of coordinate positions to describe the circular path 
and it then generates the controlling signals required to develop the cut. 
The computer element will break up the circular span into small straight- 
Jine cuts which are often only 0002 in. (0005 mm) in length. The pro- 
grammer specifies circular interpolation by means of a preparatory func- 
tion (917, 015, or 019). Ах shown in Fig. 15-15, he then is required to 


and large computers will have up to 1000K. 


Fig. 15-14. Linear interpolation. Increasing the number of straight-line chords resulte 
im a eloser approximation 1o а circle or an are. 
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define the are or сфе to be cal. If cutter compensation i» not availible, D and 7” 
tare specified instead of D and r. 


specify only five dimensions, which are the end points of the arc and the 
dircetion of the cutter travel; ie, whether clockwise or counterclockwise 
The programmer must allow for the cutter offset, unless this сап be done 
automatically by the computer. Often the five blocks of information re- 
quired with circular interpolation ean replace a thousand or more blocks 
of information required with linear interpolation. Circular interpolation 
сап be used to approximate second- and third-degree curves and many 
free-form shapes. It is especially useful for machining parts that are 
limited to straight-line cuts, circles, and ares, 

Parabolic and cubic interpolation are highly specialized methods of 
generating curved surfaces that are limited to a few industries that require 
the machining of exotic shapes. Cubie interpolation is used to machine 
such parts as automotive sheet metal forming dies and certain aircraft 
structural elements. This method will not only machine curved surfaces, 
but will also blend one curved surface into the next without a visible 
demarcation point. 


Part Programming 

There are two basie types of part programs, these are called point-to- 
point or “positioning,” and continuous path or “contouring.” Operations 
such as drilling а series of holes, where the workpiece is held stationary as 
each hole is drilled, are typically programmed by the point-to-point 
method. Certain NC machine tools, such as NC drilling machines, al- 
though intended to operate in this mode, are also able to take simple 
straight-line euts. Other NC machine tools are meant to be able to machine 
contours as well as to take straight-line cuts and perform point-to-point 
type operations; these machines are programmed by the continuous path 
method, by which the path of the cutting tool is controlled at all times. 
Point-to-point programming may be done entirely manually or with the 
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assistance of a computer. Although continuous path operations may be 
programmed manually, computer assisted programming is much to be. 
preferred in order to save time, to simplify the programming procedure, 
and to reduce the risk of error. 

The first step in programming a part is to study the part print and to 
become thoroughly familiar with all of the part features. Next, the pro- 
‘grammer must determine how the part is to be machined, the cutting tools 
to be used, the cutting speed and feed, and how the part is to be held їп 
the machine. Sometimes this is done by other persons, such as a process 
planner and a tool designer, in which case these plans must be obtained. 
‘The programmer then documents each operation in its logical seq 
оп the program manuseript. When the part is programmed manually, 
coordinate machine tool position must be determined and documented on 
the program manuseript. If the computer assisted method is used, the 
programmer documents the coordinate data and the operating instructions, 
using a processor language to enter this information in the manuscript. In 
either ease, the programmer always assumes that all of the movements 
are made by the cutting tool, even though it may actually be stationary 
and the movements are made by the workpiece. When heavy cuts are to 


be taken, he should check to see if the machine tool has sufficient power 
to take the eut and to specify cuts that will utilize the maximum power 
available, 


Each part program is unique, and for computer assisted programming 
there are many different processor languages. It is not possible within the 
scope of this hook to treat all of these languages and all of the tech- 
niques that are used; however, a few simple examples will follow to serve 
as an illustration. 

Point-to-Point Programming. In the part shown in Fig. 1 
14-inch holes are to be drilled on an NC drilling machine. This n 
has a full Boating zero NC system, meaning that the zero peint from 
which all dimensions are referenced can be located anywhere on the ma- 
chine tool table, within a specific range. Some machines have a fixed zero 
system, which requires that the coordinate dimensions to the holes be 
programmed from the fixed zero point on the machine. Also, it is necessary 
to locate the part on the machine table at exact coordinate distances from 
the fixed zero point. This is not necessary in this case; the part will be 
oriented on the machine table along the axes shown in the top view of the 
part in Fig. 15-16. The part program manuscript is shown in view A, of 
Fig, 15-17; and the first block of information as it appears on the tape 
is shown in view B. 

The program in Fig. 15-17 is written using the absolute coordinate 
system. In this system all of the coordinate locations are programmed 
from a single zero point. An alternate method, called the incremental 
system, is to program each location from the previous position and not 
from a single zero point. Using this method the coordinates for sequence 
number 001 would be the same as shown in Fig. 15-17: for sequence num- 
ber 002 the x coordinate would be 2000 and the y coordinate would be 
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workpiece to be programmed The two holes are to be drilled 
through the part 


1.500. Neither system is inherently correet and cach system has its logical 
area of application. Sometimes both systems are used in a single part 
program. Most NC systems are capable of using either system. 

Continuous Path Programming. Computer assisted part programming 
is the method used in most instances for continuous path programming. 
‘The part programmer must he thoroughly eonversant with the processor 
language that is being used. There are many different processor languages 
and it is not possible hi у onc in detail. Each processor lan- 
guage consists of n m ike words that have a specifie and 
precise meaning. One of the first and perhaps, most complete, processor 
languages is called APT, meaning Automatic Programmed Tool system. 
The following example will be written in the APT language. 

Four types of statements are required to write a complete APT program, 
these are: 


1. Motion statements, which deseribe the position of the cutting tool, 
such as GORGT/BSURF, or СӨТО/Р1 

2. Geometry statements, which describe the configuration of the part, 
such as P1=POINT/5.625—35 
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aram for «drilling the holes in 


part shown in Fie. 15-16. B. The fest lock of inform: 
would appearon the tape 


3. Post Processor statements, which apply to the machine tool and 
such as FEDRAT/ 005 IPR 
nte, whi 


control syste 
4. Auxil 
the other sta 


y statem 


tion not provided hy 
NL 


n an NC lathe, Figure 
fifics the surfaces 


‘The part shown in Fig. 15 
1519 illustrates the path of th 
to be eut. The first 

shown in Fig, 15-20. E 
identified on the layout, ax well ax 
has been made, the necessary post proe 
listed in the manuseript, as follows 


PARTNO ROUND SHAFT NOL 
MACHIN/DEI 
INTOL/ 001 
'0L/.002 
CUTTER/.06: 
CODLNT/ON 
CLPRNT 


ing tool an 
to make a programming layout of the part as 
'h surface to be machined and each end point is 
starting pointiSP). After the layout 
nd auxiliary statements are 


31 in.) of the cutting tool is 


In the APT program, the nose radius ( 
1 circle; henee, CUTTER /.062 


designated by the diameter of а theor 
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Fig. 15-19. The path of the cutting tool (center of the nose radius) for turning the 


‘workpiece in Fig. 15-18, 


INTOL and ØUTØL refer to the inner and outer tolerances respectively. 
CLPRNT instruets the computer to print out the coordinate dimensions 
of all end points and straight line moves. Referring to Figs. 15-19 and 
15-20, the next step is to list the geometry statements. 


Fig. 15-20, Programming layout of workpiece to be turned, showing exch surface to 
be turned, exch end point, and the starting point (SP) 


сонни of Cincinnati Miron 
Fig 15-21 Drilling machine equipped wi 


h a point-to-point numerical control system. 


E 
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Fig. 15-22 Vertical boring machine equipped with a continuous path m 
control system. 
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POINT/1, —1 
POINT/0, —1 
LINE/PI, P2 
LINE/P2, P3 
CIRCLE/15, —1, 5 

LINE/P3, RIGHT, TANTO, C1 
LINE/P4, P5 


Line 3(L3) is defined by making a “right turn, 


477 


ıs in an automobile, from 


Jine 2, at point 3, and extending to the tangent of the cirele, CI. In the 


Contes of Clima Stern 


Fig. 15:22. Three-aris CNC machining center equipped with a shuttle table and an 


somatic tool changer 
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motion statements shown below, it will be necessary to specify a “right 
turn to line 3.” 


FROM/SP 
G9/TO, L1 

GOLFT/L1, TO, L2 
GOLFT/L2, PAST, L3 
GORGT/L3, TANTO, C1 
GOFWD/CI, PAST, L4 
GOTO/SP 
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Finally, the closing auxiliary statements аге added: 


COOLNT/OFF 
FINI 


NC Machine Tools 


Many conventional machine tools have been altered to enable them to 
be adapted to NC. Except for the provision of control units on the slides 
and a cabinet to house the MCU, they are not different in appearance than 
conventional machine tools. Some machine tools have retained their basic 
elements, but have been extensively redesigned for NC. Typical examples 
of such machines are the NC drilling machine in Fig. 15:21 and the ХС 
vertical boring ma 

The flexibility able by means of NC has resulted in 
the design of machine tools specifically for NC. Whereas manually con- 
trolled machine tools must have all of the control levers, hand wheels, and 
handles readily accessible to the operator, this is not required on NC 


Courter of Cincinnati Merron 


Fig. 15-25, Sant bed and cross slide of slant-bed lathe 
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machine tools. The NC machine tool can be designed to provide the 
greatest possible access by the cutting tools to the workpicce surfaces; 
it is only necessary to allow for the casy loading and unloading of the 
workpiece. An example of such machine tools is the machining center, 
which has been developed as a result of NC. Typical machining centers 
аге used to machine as many surfaces as possible on the workpiece in a 
single setup, and to perform many different operations, which include 
milling, drilling, boring, counterboring, tapping, and facing. Usually, but 
not always, these machines have automatic tool changers and provisions 
for storing а large number of cutting tools. The machining center in Fig. 
15-23 has a shuttle table, which allows the operator to set up a part in one 
workholding fixture while а second part is being machined in the other. 
Tn some cases two different fixtures are used, each holding the workpiece 
in a different orientation thereby enabling all of the surfaces on the part 
to be machined. Large machining centers, shown in Fig. 15-24, may have a 


Fig. 18-26. Chucking operation performed on universal tre CNC shined е 
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Fig. 15-27. Shaft type slant-bed XC turning center turning a shaft that is held on 
renters, A universal Boating jaw chuck drives the workpiece without exerting a force 
on the hradstork center 


traveling column. The column slides in (wo perpendicular directions and 
the spindle housing moves up and down on the column; the spindle can 
also move in and out of the spindle housing. Two indexing rotary tables 
are provided; a part сап be machined on one, while a part can be set up 
оп the other. In the setup shown in Fig. 15-24, two parts are set up on 
each table, one on each face of a box angle plate which is mounted on the 
rotary table. 

Another machine tool designed specifically for NC is the slant bed lathe 
shown in Fig. 15-2. The slant bed and the cross slide of this lathe are 
shown in Fig. 15-25. This design provides ап casy access to the cutting 
tools and to the workpiece, for loading and unloading. It also allows the 
chips to fall unobstructedly away from the cutting arca. Slant bed lathes 
may be designed specifically for turning on centers, for chucking work, or 
‘as universal models that can be set up to perform both types of operations. 
Universal turning centers, Fig. 15-2, designed for turning on centers and 
for chucking have two indexing turrets mounted on the cross slide which 
provide tooling stations on which cutting tools are mounted. A universal 
turning center is shown in Fig. 15-26 performing a chucking operation. In 
Fig. 15-27 a slant bed lathe designed for turning on centers is shown turn. 
ing a shaft. The workpiece is mounted on two centers and is driven by a 
compensating, or floating.jaw type chuck, which allows the workpiece to 
remain accurately seated on the centers while at the same time it firmly 
grips the workpiece, thus providing a smooth drive. While special tool- 
holders аге sometimes used on these lathes, most jobs сап be done with 
standard tool holders. The standard tool holders are qualified; ie., they 
have toleranced dimensions on their locating surfaces to enable them to 
be positioned accurately in the indexing turrets. 


cuapter 16 


Surface Plate Inspection Methods 


‘The surface plate is an indispensable tool in machine shops and in tool 
amd die shops. It establishes a reference plane from which precision 
measurements can be made. Formerly precision surface plates were made 
from seasoned gray cast iron. It was rough and finish machined on the 
planer and finally hand scraped to the required fatness. Although cast- 
iron surface plates are still used, in recent years there has been a trend. 
toward using granite as a surface plate material. Black granite has be- 
come the material from which a majority of the surface plates are made, 
Granite surface plates can be made with а flatness within millionths of 
an inch, and this flatness can be preserved because granite does not cor- 
rode or rust. Also, they are harder and resist wear better than metal 
plates. They do not burr, gall, or crater. Granite plates are nonmagnetic 
and have exceptional thermal stability. 

Surface plates are made in a large variety of sizes ranging from 8 by 12 
inches to 72 by 144 inches. Larger surfaces are obtained by linking several 
plates together in proper alignment with each other. Some surface plates 
are provided with threaded inserts, T-slot shaped inserts, dovetail grooves, 
or slots which сап be used to hold a variety of standard clamps, gaging 
accessories or the workpiece. A large variety of accessories such as paral- 
lels, V-blocks, and angle plates as well as a variety of precision measuring 
tools are used in doing surface plate work. The ability to use these tools 
accurately and intelligently is the mark of a craftsman. 


Surface Plate Accuracy 

Contractors doing work for the armed forces or the aerospace program 
must have surface plates meeting Federal specifications of accuracy to 
assure that the supplies and services meet the quality standards estab- 
lished by the contract. Surface plates are made to three grades of ac- 
curacy. The most accurate plates, Grade АА, are made to a tolerance of 
3-000025 inch per 2 square foot area. Grade A has uracy of 
5000080 inch per 2 square foot area and Grade B has a flatness toler- 
ance of 2.0001 inch per 2 square foot area. A simple shop test for the 
accuracy of a surface plate is to measure the same part in the same man- 
ner on different areas of the surface plate. This test for the repeatability 
of the measurement is an indication of the precision built into the surface 
plate. 


482 
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Granite surface plates are finished by lapping with fine abrasives. They 
are measured for flatness and calibrated. Figure 16-1 shows an autocol- 
limator, an instrument frequently used to calibrate a surface plate. This 
instrument has а built-in light source and a lens system which causes the 
rays of light to leave the autocollimator in parallel paths. The rays of 
light are directed at a target mirror and are reflected back into the auto- 
collimator and are viewed in the eyepiece. If the mirror target is not 
exactly at right angles to the optical line of sight, the reflected image will 


Courtesy of the DoALL 
h an autocoll 


Fig. 16-1. Cal 


eating a black granite surface pis 


appear displaced from the cross hairs in the eyepiece. A micrometer on 
the autocollimator is used to read this deviation to 2 second of are. 
A corner target mirror reflects the light rays from the autocollimator to 
the reflecting target mirror shown in the opposite corner of Fig. 16-1. The 
rays are reflected from the target mirror to the corner target mirror and 
back to the autocollimator. 

А total of eight lines of reading is taken. These readings are around 
the four edges of the surface plates, along the two diagonals, and across 
the two center lines. A number of readings are taken along each line of 
reading. These readings are plotted on graph paper to form a profile of 
the surface plate along ће eight lines of sighting. 

Another method of calibrating granite surface plates is by means of a 
laser-powered interferometric surface contour projector. This method is 
very fast. А 36- by 48-inch surface plate, which would take from 4 to В 
hours to autocollimate, record, and graph, can be calibrated in 10 to 15 
minutes. 
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Another accepted and very fast method of calibrating surface plates is 
by means of the Rahn Planekator@ shown in Fig. 16-2. This instrument 
consists of а very precise straightedge made of a hard ceramic material, 
two supports, and a height gage, which has a very sensitive, 000020 inch 
(0.0005 mm), Mahr indicator. Pencil lines are first drawn on the surface 
plate to indicate where the readings are to be made. The straightedge is 
then placed on top of the two supports along a diagonal line, as shown in 
Fig. 16-2. One of the supports is adjustable vertically and this support is 
moved until the indicator on the height gage reads the same at both ends 
of the straightedge, Indicator readings are then taken in various positions 
along the straightedge and the values are recorded, This procedure is 
followed along the other diagonal and along six, inch-spaced lengthwise 
and crosswise axes of the surface plate, 

For very precise inspection measurements, it is necessary to know the 
variations that can be expected in the measurements when the workpiece 
is measured in different locations on the surface plate; this is called the 
repeat measurement accuracy and сап also be determined by the Repeat-O- 
Meter, shown in Fig. 163. This meter has two fixed and one floating con 
tact, which are placed on the surface plate and the movement of the 
floating contact is measured by a very sensitive dial test indicator as the 
meter scans the surface of the surface plate. The difference between 
the largest plus and minus indicator readings ix the maximum possible 
error that can occur when measuring a part on the surface plate 


Comte of the Rai Granite Sor Piate Co 


Fig 16-2. Calibrating a surface plate with a Planekator™ and a sensitive 000020 in. 
indicator, 


Ch. 16 SURFACE PLATE INSPECTION METHODS 485 


este ef the Rahn Granite Surface Plate Co. 


Fig. M3 Checking the repeat measurement accuracy’ of а surface pls 
Repest-O-Meter. 


Care of Surface Plates. 

The surface plate is a very precise tool which is an integral part of any 
measurement made on its surface. The condition of this surface is а very 
important factor in the accuracy of these measurements. Good house- 
keeping and cleanliness are essential in making any precision measure- 
ment. This applies in particular to surface plates. Dust, dirt, and oil 
should not be allowed to collect on the surface. It should frequently be 
wiped clean. The use of a special proprietary surface plate cleaner is 
recommended. A thin coat of oil should be placed on gray cast-iron surface 
plates when they are not being used for longer periods of time or when 
left standing overnight. 

The table on the base supporting a larger surface plate should support. 
the surface plate in the same manner as when it was made. To assure this, 
the stands developed by the surface wanufacturer should be used 
whenever possible. The surface plate should be carefully leveled and 
kept in this condition. 

Chips, scratches, and burrs should be prevented from occurring on the 
surface plate, since a slight burr or a speck of dust can cause an error in 
а precise measurement. Any burr should be removed from the workpiece 
before it is placed on the surface plate. Rough castings should not be 
placed directly on the surface plate, but should be elevated above the 
surface by parallels or other accessories. Extreme care should be used in 


486 SURFACE PLATE INSPECTION METHODS Ch. 16 


lifting workpieces and gages on or off the surface plate to avoid chipping 
ог seratebing the surface, Particular care should be taken to avoid heavy 
contact with the edges of the plate. The surface plate should not be over- 
loaded. Only the workpiece, surface plate accessories, and measuring tools 
required for the job should be placed on the surface. The full surface of 
the plate should be utilized. This will distribute the wear and avoid con- 
centrations in any one ar 


Surface Plate Work—Checking for Parallelism 

‘The setup for checking a master-box parallel for parallelism on a sur- 
face plate is shown in Fig. 16-4. An electronic height gage is used in this 
сазе because the degree of sensitivity and accuracy obtained is greater 
than ean be obtained with an ordinary dial test indicator. The height 
gage is coupled to an electronic amplifier. The amplifier shown in the 
illustration is powered by a self-contained rechargeable nickel-cadmium 
battery so that it ean be used in locations that are not close to an electrical 
outlet. If desired, it can also be operated on 115У AC current. It has four 
seales, ranging in sensitivity from 0005 to .000010 inch. 

To check the parallel for parallelism, the contact point of the gage 
head is placed on the top surface of the box parallel and the amplifier is 
set on the .0001-inch scale, and the indicating needle on the face of the 
amplifier is zeroed. The contact point is then carefully moved back and 
forth and across over the top surface of the box parallel. The reading on 
the .0001-ineh seale on the amplifier will show any deviations from 
parallelism. When matched sets of box parallels are to be checked, the 
second parallel is checked by means of the same zero setting established 
during the eheek of the first parallel. 


Surface Gage Work—Checking for Squareness 

‘The squareness of two surfaces with respect to each other is frequently 
expressed as the deviation per siz inches of length. While the squareness 
can be checked with a precision machinist’s square, the exact amount of 
deviation can not be determined. When it is necessary to determine the 
‘exact deviation, the method illustrated in Fig. 16-5 сап be used. A master 
cylindrical square and a transfer gage is used. The transfer gage hi 
locating button on the front face of the base which is placed a 
cylindrical square. With the gage in this position, the dial test indicator 
is adjusted to read zero. The transfer gage is then placed against the 
right-angle block as shown, and any deviation from squareness can be 
read directly on the indicator. This procedure is repeated at the midpoint 
height of the right-angle block to determine if this face is either bowed 
or dished. 


Surface Gage Measurement—Checking for Roundness 
Roundness may be described as the measurement of a cylindrical part, 
or part feature—sueh as a ring, shaft, or hole, for its uniformity to that 


Ch. 16 SURFACE PLATE INSPECTION METHODS 487 


Coursey of the DoALL Company 


Fig. 16-4. Checking a master-grade box parallel for parallelism 


of a true circle. It can also be considered a measurement of its true di- 
ameter. Roundness should be checked with the surface in question resting 
in a precision V-block as shown in Fig. 16-6. It could also be checked 
while held between precision bench centers, but the accuracy is influenced 
by the condition of the center holes in the part and by any eccentricity 
between the cylindrical surface being checked and the center holes, 

To check for roundness, the part is placed in the precision V-block 
and the contact point of a dial test indicator is positioned on the center- 
line of the part. The indicator is positioned on the centerline of the part 
by moving the contact point over the outside diameter to the position 
where the maximum reading occurs. Zero the dial indicator by rotating 
the face. Then carefully rotate the part by hand, and note any deviation 
from zero on the dial indieator. Make sure that the V-block is not moved 
and that the part does not move lengthwise in the V-block when it is 
rotated. If the part is moved lengthwise, any taper may give an erroneous 
reading, 


сезне of the DoALL Company 


Fig. 16-5. Checking a precision right-angle block for squarcness 


Fig 16-6. Checking a precision ground bearing for roundness in a precision 
black granite V-block 
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Surface Gage Work—Length and Height Measurement 

Among the most common precision measurements made on a surface 
plate аге the determination of height and length. These measurements 
may be made from one surface to another on the same workpiece as in 
Fig. 16-7; or they may be made directly from the top of the surface plate. 
to the surface to be measured as in Fig. 16-8. In either case three basie 
procedures can be used to make these measurements. 

‘One procedure, shown in Fig. 16-7, is to use a vernier height gage with 
а small dial test indicator attached to the movable arm. The indicator 


Courtesy of the бол. Company 


Fig. 16-7. Measuring the height of a pad attached to the dise using а vernier 
height gage. 
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Fig. 16-8. Measuring the length of а part by measuring the height above 
the surface plate 


does not make a measurement; it serves only to zero the reading of the 
vernier height gage. In Fig. 16-7, the distance from the face of the large 
dise to the top of the pad is to be measured. Here the vernier height gage 
is placed directly on the face of the dise in order to reach the pad. On 
smaller workpieces, where the surface to be measured can be reached, it 
would be preferable to place the vernier height gage directly on the surface 
plate, In either case, the measurement is made by reading the scale on 
the vernier height gage when the indicator is zeroed on the surface on 
which the height gage is resting and when the indicator is zeroed on the 
top of the pad. The difference in these two readings is the distance to be 
measured 

The second procedure is similar except that the first step is to lower 
the arm until the reading of the vernier height gage scale is zero. The 
indicator is then adjusted to read zero while it is in contact with the sur- 

се on which the vernier height gage is resting. Next, the arm is raised 
and lowered again to zero the dial test indicator on the surface to be 
measured. The vernier height gage will then read the distance to be 
measured directly. 

The third method of measuring, Fig. 16-8, is a comparative method 
Very precise results can be obtained through the use of precision gage 
blocks and a dial test indicator that reads in “tenths” (.0001 inch). 
Often the required accuracy of the measurement is in terms of one- 
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thousandth or one-half-thousandth of an inch, in which case a thousandth 
(001 inch) or a one-half-thousandth (.0005 inch) indicator can be 
used. The precision gage blocks are assembled together to form a length 
which is equal to the length or height to be measured. The contact point 
of the indicator is positioned over the gage blocks, and the indicator is 
adjusted to read zero. The contact point is then placed on the surface to 
be measured, and the indicator reading will show the deviation, plus or 
minus, from the specified size 

Test types of dial indicators such as shown in Fig. 16-9 А and В are 
sometimes used for this sort of work. They have an advantage of being 


' 
\ 
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Views A and B учу of Federal Producte Corn. 


Fig 16-9. A. Test-type dial indicator. B Test-type dial-indiestor mechanism- 
C Correct use of test-type indicator. D. Incorrect use of test-type indicator. 
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light and easy to attach to surface gages and height gages. While they 
are very accurate, caution must be exercised when they are used to deter- 
mine exact distances. The contact point on this type of indicator is 
attached to a lever which pivots about a point inside the body of the 
indicator instead of to a stem which moves in and out. When this kind of 
indicator is used to obtain direct readings, they must be used as shown at 
C, Fig. 16-9. The lever of the indicator causes the contact point to swing 
along the arc S-S The measurement must be made along the line N-N 
which is perpendicular to the surface being measured. When this surface 
is measured, the lever of the indicator should be positioned so that а 
small movement will cause it to move in a direction that is as nearly as 
possible along N-N as shown at C, Fig. 16-9. If the indicator is positioned 
аз shown, the contact point D will move in the direction of T-T when 
it is displaced and the indicator reading will not represent the correct 
distance along N-N. This error is sometimes called the cosine effect. 

Another measuring instrument used to make height measurements on 
the surface plate is the micrometer height gage shown in Fig, 16-10. 
Heights сап be read directly by means of this gage. The height gage and 
indicator are only required to transfer the reading to the work. The gage 
is housed in a rigid frame which is supported on three ground and lapped 
pads, Inside the frame is а column of 1-inch precision gage blocks which 
are permanently wrung together and which form a series of 1-inch steps. 
Because the lower gage block in the column is only .090-inch thick, parts 

100 inch in height can be checked. The contact point of a dial test indi- 
cator or of an electronic height transfer gage can be placed on the steps 
їп order to zero these instruments. 

The gage block assembly is moved up and down over a I-inch range by 
the micrometer head located on top of the frame. Below the micrometer 
head is a digital readout which displays the micrometer reading in thou- 
sandths of an inch. The large-diameter micrometer head has numbered 
divisions which are also in thousandths of an inch as well as smaller 
divisions which are equal to ten-thousandths of an inch, The micrometer 
is read by reading the inches on the scales at the side of the frame, the 
thousandths of an inch on the digital readout, and the final ten-thou- 
sandths of an inch on the head. With this instrument the exact measure- 
ment is obtained, as in the case of the vernier height gage. Readings over 
and under the required height do not have to be obtained with the di 
test indicator. The indicator or electronic height gage is used only to 
transfer the zero reading from the workpiece to the gage block on the 
mierometer height gage. 


Surface Plate Work—Measuring the Location of Holes 

Itis frequently necessary to measure the precise location of а hole when 
doing precision machine work or tool and die work. This type of measure- 
ment can readily be made on a surface plate. The procedures used to 
measure the location of а hole are very similar to those used to measure 
lengths and heights. The principal difference is that the measurement of 
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Fig. 16-10. Checking the height of a boss on 
height gage and a microme 


engine part with an electronic 


ight gage 


the hole location is not direet, sinec the distance actually measured is to 
the bottom of the hole or to the top of a pin inserted in the hole instead 
of directly to the center of the hole. 

As an example, the location of the two large holes in Fig. 16-11 must. 
be measured. This workpiece has two perpendicular edges that act as 
reference edges from which the dimensions to the holes are given. Before 
the part is placed on the surface plate, the diameter of cach hole is 
measured with a precision measuring tool. The workpiece is then clamped 
to a precision angle plate with one of the reference edges resting, against 
the surface plate, as shown in Fi ot is made from 
the top of the surface plate to the bottom of the hole, and the distance to 
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Fig. 16-11, Measuring the location of a hole. 


the center of the hole is found by adding one-half of the diameter of the 
hole to this measurement. This procedure is repeated for the second hole 
and again for both holes, with the second reference edge resting on the 
surface plate 

As shown in Fig. 16-11, the measurements are made with a vernier 
height gage to which a test-type indicator has been attached. This type of 
dial test indicator is used because the arm ean reach inside of the hole 
‘The position of the contact point should be 
effect. The 


by reading the vernier height 
gage seale when the indicator is zeroed against the top of the surface plate 


and again when it is zeroed against the lower surface of the hole. The 
distance to the lower surface, or “bottom,” of the hole from the surface 
plate and the edge of the workpiece is equal to the difference in these 
readings. Another method is to use precision gage blocks, which are 
stacked together so that their length is equal to the difference between the 
specified distance to the center of the hole and one-half of the measured 
hole diameter. The gage blocks are placed adjacent to the hole, as shown 
in Fig. 16-11, and the height of the bottom of the hole is compared to the 
height of the gage blocks, using the height gage and the indicator. The 
indicator readings will give the plus and minus derivations from the speci- 
fied height of the hole above the surface plate. As a final check it is advis- 
able to re-assemble the gage block stack so that its length is equal to the 
actual height found by the previous measurement ; then the hole is checked 
again, as before, to find out if the indicator will read zero both in the hole 
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and over the gage block stack. When indicating the bottom of the hole 
the height gage should be moved to the position where the smallest read- 
ing of the indicator oceurs. 

Sometimes it is difficult or impossible to position the contact point of 
the indicator inside a small hole. In this event, as a temporary measure, 
а pin can be pressed into the hole with a light press or push fit. Then 
instead of measuring to the bottom of the hole, the measurement is made 
from the top of the surface plate to the highest point over the pin, using 
either of the methods previously deseribed. The distance to the center of 
the hole will then be the difference between the distance from the surface 
plate to the top of the hole and one-half of the diameter of the pin. 

Frequently the center distance between two holes must be found. The 
same measuring procedure as described is used to measure from the top of 
the surface plate to the bottom of the two holes, or to the top of pins 
inserted in the holes. Also, diameters of the holes or the pins must be 
measured and the formulas given in Fig. 16-12 can then be used to caleu- 
late the center distance. The appropriate formula should be used, depend- 
ing on the four different situations shown in Fig, 16-12. These formulas 
will provide the true center distance if the centerline connecting the axes 
of the holes is in a vertical position when the measurements are made. 
If this centerline is not in a vertical position, the formulas will give the 
‘center distance in the direction perpendicular to the reference edge resting 
on the surface plate. Two sets of measurements are required in this case, 
each set is made from onc of the two perpendicular reference edges, ак 
shown in Fig. 16-13. The true center distance is found by calculation, 
using the Pythagorean theorem or simple trigonometry. 


Example 16-1: 

Calculate the true center distance of the holes shown in Fig. 16:13. The 
diameter of the large hole is 1252 in. and the smaller hole diameter is 
‘874 in, The measured distances to the bottom of the holes are shown in 
Fig. 16-13 when the workpiece is resting on each of two perpendicular 
reference edges. 


For Position A: 


Ds 22507- 500-4 1252 _ S74 
i= 2s07— 02+ 082 _ AF 


3305in. 
Using the Pythagorean theorem to find the true center distance: 
/T43993:3057 


Fig, 16-12. Formulas for caleulatime the center distance between holes: A. with 


reser in both 
holes; С. and D. 
with measurements to hottom of upper hole and over lower hole pin. L= Center 
distance: < and D эге measurements in 


hole; AP and У are measurements over pins. 
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Ри. 16-13, Example 16-1. Measurements lo the bottom of two holes with workpiece 
in position А and position B. in order to find the true center distance, 7 


Surface Plate Work—Concentricity,T.LR., and Coaxiality 

TLR. means Total Indicated Runout, which in shop terminology is 
also sometimes called total indicator runout. This measurement, made 
with a dial test indicator or similar instrument, refers to total eccentricity 
of a surface about an axis of rotation and is given in thousandths or ten- 
thousandths of an inch. T.LR., then, expresses the accuracy of the con- 
centricity of a eylindrical surface about an axis of rotation. Coaxiality 
means a common axis in a part with two or more cylindrical surfaces 

‘A common method of testing the concentricity of a cylindrical surface 
which has been turned on centers is to mount it on a bench center as 
shown in Fig. 16-М. The bench centers have two dead centers about 
which the workpiece can rotate. In the illustration, the concentrieity of 
the cylindrical surfaces of a small crankshaft is being measured. Either 
a dial test indicator or an electronic height gage ean be used to measure 
the TLR. In either case the contact point of the instrument used must be 
placed on the exact center of the shaft. When in this position the instru- 
ment will read the total indicated runout. The contact point is placed in 
this position by moving it aeross the top of the shaft until it reaches the 
Position where the maximum reading is obtained. The shaft is then 
rotated by hand, and the T.LR. can be read directly on the dial of the 
indicator or on the electronic amplifier unit. This should be done in sev- 
eral positions on each of the diameters of the shaft 

The axial runout of shoulders and flanges on shafts is also sometimes 
very important, The runout can be measured by placing the contact point 
of the indicator or the electronie height gage on the shoulder, as shown in 
Fig. 16-15, and rotating the shaft. When done as illustrated, the shaft 
should be in a true vertical position 

Although the concentricity of two or more surfaces on a shaft may be 
some indication of their coaxiality. it is not a direct measurement of this 
characteristic. A direct method of measuring this characteristic is to place 
опе of the cylindrical surfaces in a precision V-block and to rotate it 
while indicating the other surface. If the two surfaces are internal cylin- 


bench center. 
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Fig. 16-15. Measuring the shoulder runout of а small crankshaft with the bench center 
placed in an upright position. 
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drical surfaces, this is done indirectly. In Fig. 16-16, the coaxiality of two 
bores in a pump housing is being measured. A plug is placed in the smaller 
bore with a light press or push fit so that one end extends beyond the 
housing. The V-block is clamped in place on the surface plate, and the 
housing and plug assembly is lightly clamped in the V-block. The contact 
point of the electronic height gage is positioned at the lowest point of the 
bore, which places it in the center of the bore. The coaxiality is then 
measured by slowly and carefully rotating the housing, 


Surface Plate Work—Measuring Angles and Tapers 

Several methods are available for measuring angles, perhaps the most 
common of which is to use a protractor. There are many different kinds 
of protractors; however, only precision protractors with machine-cut 
graduations should be considered for machine shop work. The most accu- 
Fate machinist’s protractor is the vernier bevel protractor. It is graduated 
to read ап angle as small as 5 minutes. Precision machinist's protractors, 
such as the vernier bevel protractor in Fig. 16-17, are frequently used to 
measure angles on the surface plate. Another method of measuring angles 
‘on certain types of workpieces is the dividing head. It сап be placed on 


P 
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Fig. 16-16. Measuring the coaxiality of two bores in а pump housing 


500 SURFACE PLATE INSPECTION METHODS Ch. 16 


Courter of The L. 5. Starrett Company 


Fig 16-17. Measuring аз angle on a surface plate with a vernier bevel protractor. 


the surface plate. The part is held on th 
plate provides a precise reference 
be made, as shown in Fig. 16-18, 

Still another method for measuring angles on the surface plate is the 
sine bar or sine plate. In Fig. 16-19 а small sine bar is shown measuring 
the angle of a precision gage block seriber attachment. The sine bar is 
tipped to the required angle by the gage blocks placed underneath one of 
the rolls. For any sine bar or sine plate the height of the stack of gage 
blocks is determined by the following formula: 


ПЕГЕ 6) 


where: Н = Height of gage block stack, inches 

Angle to be measured, degrees and minutes 

Length or distance between the rolls on the sine bar or sine 
plate, inches 


dividing head, and the surface 
plane from which the measurements can 
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Fig, 1618, sing a dividing bead on a surface plate to тизет ив angle. An Air 
Glide transfor gage, which slides on a fim of air, ie used to transfer the measures 


workpiece 


The angle on the workpiece сап be cheeked by placing the contact point 
of the dial test indicator at one end as shown in Fig. 16-19 and by moving 
it along this surface to the other end. When the angle on the seriber is 
exactly equal to the angle at which the sine bar is set, this surface should 
be parallel to the surface plate. To measure this angie, two check points 
should be established on the angular surface of the scriber point. The 
distance between these check points must be known exactly. The indi- 
cator or electronics amplifier is zeroed at one of the check points, and the 
amount of deviation from the zero reading at the other check point is 
determined. The true angle on the part being measured is then calculated 
by the following formula: 


m (16-2) 
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Fig. 16-19, Measuring an angle on a surface plate using a sine bar and an electronic 


where 


[rose 


# = True angle of the part being measured, degrees and 
minutes 

6 = Angle to which the sine bar or sine plate has been set, 
degrees and minutes (same as 6 in Formula 16-1) 

Length or distance between the rolls on the sine bar or 

sine plate, inches. 

D = Deviation in dial test indicator or electronic amplifier 
reading, inches 

stance between check points, inches 


L 


s= 


The term DL/S in Formula 16-2 is added to sin @ if the deviation is in 
the plus direction and subtracted from sin # if the deviation is in the 
minus direction, when the end adjacent to the highest part of the sine bar 
or sine plate is ehecked first 
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Example 16-2. 
‘The angle of the scriber point shown in Fig. 16-19 is to be 35 degrees. 
1. Calculate the height of the gage block stack required to obtain 
this angle when using а 5-inch sine bar. 
H = Lsinê 
= 5 X 57358 
= 28679 inches 
2. Calculate the true angle of the scriber point if the height gage reads 


zero at one check point and +.0001 inch at the other check point 
‘The distance between the check points is 34 inch. 


= DL 

ung = sine 21 
In this сазе the term DL/S is added to sin Ө. If the deviation was 
0001 inch, this term would be subtracted. Thus 


DL 
sing = sing + р 


Fig 16-20. Measuring an angle using precision angle gage blocks 
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The answer 35°04 is correet to the nearest minute (sin 35°04 
57453; sin 35°03" = 57429). If greater accuracy is required, it is 
necessary to use interpolative methods ог а more accurate table of 
trigonometric functions, 

Precision angle gage blocks, Fig. 16-20, are the most precise method of 
measuring angles Only 16 blocks are required to construct any angle 
from zero to 99 degrees in 1-second increments, or 356,400 different angles. 
This is possible because any angle can be added or subtracted from any 
other angle. For example, in Fig. 16-20 the gage blocks are constructed 
to an angle of 13 degrees. This is done by adding and subtracting as 
follows: 


13 =15-3+1 


Fig. 16-21. Measuring the angle of a taper using а master grade granite 20-inch sine 
bar with metal T-sot containing а set of matched bench centers 
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The 15-degree block is resting on the surface plate. A 3-degree block is 
placed on the 15-degrce block so that the minus end of the 3-degrce block 
is in contact with the plus end of the 15-degrce block. A 1-degree block is 
placed on the 3-degree block so that the plus end of the I-degree block 
contacts the minus end of the 3-degrec block. Each end of these blocks is 
marked plus or minus. In the illustration a precision gage-block grade 
parallel is placed on the I-degrce block which provides a scat for the part 
being measured. 

In addition to the 6-inch parallel block and a 6-inch knife edge block, 
the full set contains the following blocks from which all of the angles can 
be constructed: 


1 degree 1 minut 1 second 
3 degrees 3 minutes 3 seconds 
5 degrees 5 minutes 5 seconds 
15 degrees 20 minutes 20 seconds 

30 degrees 30 minutes 30 seconds 


Angle gage blocks are available in the following three grades of accuracy: 
laboratory second; inspection grade, + second; tool- 


Fi. 16-22. Precision tooling ble uted to measure angular hole lotions 
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room grade, =1 second. In addition to measuring angles these blocks сап 
be used to check the settings of sine bars and sine plates, They ean also 
be used to set adjustable angle plates, to position tool slides accurately, 
to measure the angle of tapers, ete. 

The angle of taper is usually measured with a sine bar or a sine plate 
in combination with a bench center, as shown in Fig. 16-21. The procedure 
is similar to measuring angles, except in one small detail. First, the part 
is mounted snugly on the bench centers, and the sine bar is tipped to the 
required angle by placing a stack of precision gage blocks of specified 
length below one of the rolls. In measuring the deviation at either check 
point, the contact point of the dial test indicator or the electronic height 
gage must be moved across the workpiece in order to obtain the highest 
reading, The difference in the highest reading at each end of the work- 
piece is the deviation. Formula 16-2 can then be used to calculate the true 
angle. The usual procedure to find out if there is any deviation is to 
check random points at both ends of the taper. If the deviation is zero, 


Fig. 16-23, Computer controlled coordinate measuring machine. 
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по further inspection is warranted. If there is a deviation, measurements 
are made at accurately located check points and the true angle is cal- 
culated, 


Tooling Balls 


Tooling balls, Fig. 1622, are very precisely ground and lapped tools 
used to measure the distance between holes that have axes which are not 
parallel to each other. While primarily an inspection tool, they are also 
used to align workpieces on a machine tool when setting up. The relation- 
ship of surfaces that are at an angle to each other ean also be measured 
by tooling balls located in construction holes machined in these surfaces 
for this purpose, Tooling balls are made in one piece, consisting of a 
spherical head and a stem The stem may be cylindrical or threaded; 
cylindrical stems are pressed in holes with a light fit and threaded stems 
are serewed into tapped holes. Measurements are made over the largest 
diameter of the spherical head with a micrometer caliper, ог more often by 
means of a dial test indicator attached to a height gage. 


Coordinate Measuring Machines. 


Coordinate measuring machines, Fig. 1623, are used to inspect ma- 
chined parts of any configuration. The workpiece is mounted securely on 
the table, which serves as a surface plate, and a probe tip is placed in the 
probe shaft. The probe is then moved to а reference position located on 
the table, ог against the first point on the surface to be checked. From 
this position the probe is moved progressively to the various positions on 
the workpiece that are to be measured. А close-up view of the part on 
the machine is shown in Fig. 16-24. The center of the “tooling ball" in 
this setup is used as the reference point from which all measurements 
are made, 

‘Measurements are made in the т, y, and z directions. In each direction 
there is a steel grating that has 1000 lines per inch. A corresponding 
grating segment is attached to the movable measuring head. As this 
grating segment passes over the steel grating, a beam of collimated light 
produces a pattern of dark and light bands, called a Moiré fringe pattern. 
"The fringe pattern is converted into electrical signals by photocells and 
the output signals are used to indicate the direction of the motion and to 
measure the distance moved. In this manner a continuous readout of the 
position of the probe is obtained to a resolution of .0001 or 00025 inch 
(0.002 ог 0006 mm). 

Coordinate measuring machines may be equipped with а simple digital 
readout for manual operation, or with a computer. In manual inspection 
the operator moves the probe manually from point to point, taking read- 
ings on the digital readout to obtain the part dimensions. The probe is 
also moved manually when measuring by the computer assisted method; 
with this method the part dimensions are verified in relation to a program. 
that has been entered into the computer. Direct computer control is a 
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Fle. 16:28 Setup for measuring part on a coordinate measuring machine. Tooling 
hall ie the reference point for measurements to the part surfaces, 


method that docs not require an operator to move the probe. The probe 
is moved automatically by the computer in the x. y, and z dircetions, 
which performs the necessary calculations to obtain the part dimensions 
and produces a printout to document the final results. Many accessories 
are available with these machines, including standard and special probe 
tips, а rightangle attachment for attaching probe tips, a microscope, an 
optical viewing sereen, amd сусп a small holedrilling attachment for 
drilling holes up to % inch in diameter. 


Appendix 1 


Calculating Angle of Table Swivel for Helical Milling 

The angle an illustrated in Fig. 9-10, may be used to obtain greater 
accuracy when calculating the swivel angle for helical milling. (See For- 
mula 9-11.) It must be used in calculating the transverse and vertical 
cutter offsets when the method of making this offset from predetermined 
calculation is used. (See also Appendix 2.) Formula 9-11 is repeated here: 


tanb = tanc cos (r + ac) 
ifa. 0 
tanb = tanecosr 


‘The formula for calculating angle a, ami an example of how the method 
of successive approximations is used to solve this formula is given below: 
tan a, 

VI + tant e cos? (r+ a) 


tana (n 


where: 


a = Side angle on the side of the fluting cutter that will cut the face of 
the cutting edge of the cutter blank, degrees (see Fig. 8-15) 

а, = Angle a of the fluting cutter projected to theaxisof the cutter blank, 
degrees (see Fig. 9-10) 

b = Angle of table swivel 

c = Helix angle to be cut, degrees 

r = Radial rake angle to be cut on the cutter blank, degrees 


Since a, appears in two different terms in this formula which cannot be 
combined into one term, a direct solution for а, is impossible. Since it 
is known that the value of angle a. will be slightly greater than the angle 
aya value for a, is assumed and the right side of the equation is solved. 
This answer is then compared to the value of the tangent of angle a which 
is on the left side of the equation. This process is repeated until the an- 
swer is equal to or very closely equal to the tangent of angle a. 
509 
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An example of how Formula A-1 is solved will be given below. This 
example will correlate with Fig. 9-7, page 246. 

Here a = 15°, c = 25°, and r= 10°. To start, а value for angle ae 
assumed which should be close to the value of angle a, or in this ease, 15°. 
At the beginning, then, assume that angle а, = 16°. 


ten a, 


V1 + tan? e cos? (r + a.) 


tana = 


tan 16° 


tan 15° 
VI F tan 25 


26795 = zu 
VIE (3638077 
2467: 28074 


УГ+ (217445) (807823) — 108028 
20705 9 25445 


sos 10° + 16°) 


26795 = 


Since the two sides of the equation arc not equal (the equation does not 
balance), the assumed value for o, is incorrect. Another value is assumed 
for an, and this approximation should be better than the first because it 
is obvious that angle a, must be larger. Try a, = 16°15": 


лан 167157 
T+ tan? 25* cos? (10° F 10 


tan 15" 


жит 
26105 = а НТ 
М1 + (46681)? (80087)2 1.08303 


226799 = 20801 
‘The assumed value of а, is too large. Try a, = 1610. 


tan 
tan 15° = — 160 

Vi F tan 25° cos (10° +1 
‘site 23990 _ 28000 


VT + (46081) (897514 1.08405 


20795 = 20712 (very nearly) 


Thus, the value of the angle a. is very nearly equal to 16°10", which is 
close enough for all practical purposes. It will now be possible to caleu- 
late the angle of swivel of the table using Formula 9-11 
tan b = tan ¢ eos (r + a.) 
= tan 25° cos (10° + 16710") 
= (46631) (89751) 
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tan b = 41852 
b= 22487 


‘Thus, the angle, b, to which the table must be swiveled, is 22° 43° when 
the more nearly correct value of angle а, or 16° 10 is used. When a, is 
assumed to be 15°, the calculated angle of swivel, b, is equal to 22° 55° 
аз was shown in Chapter 9. Since this difference is small, it is not neces: 
sary to calculate more correct value for angle а, unless this must also 
be done in order to calculate the table offsets, as shown in Appendix 2. 
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Calculating the Transverse and Vertical Cutter Offsets for Helical Milling 

А convenient method of offsetting fluting cutters prior to milling heli- 
cal flutes in milling cutter blanks is to calculate these offsets in advance 
and then to position the table in accordance with the calculated values. 
Formulas 8-4 and 8-5 (Chapter 8) with only a slight modification are 
used as the basis for these calculations. This modification involves the 
substitution of the fluting cutter angle a, for the angle a, which is neces- 
sary because the table is swiveled for cutting the helix. 


пе Û sin (a, +) = d sina, — R (eos ae = sin a) (8-48) 


=; [1760s (а, +г)] сова, — R (сова, + sin а,—1) (858) 


where: n = Transverse offset, inches 
т = Vertical offset, inches 
D = Finished diameter of the milling cutter, inches 
4 = Depth of the flute, inches 
= Radial rake angle, degrees 
а, = Side angle of fluting cutter, a, projected to the axis of the 
cutter blank, degrees 
R = Radius of the fluting cutter teeth, inches 


‘The following example will correlate with Fig. 9-7, found on page 246. 
In this example d = 500 inch; D = 4.000 inches; R = .125 inch; a. = 
16°11 10°. The diameter of the cutter blank is 4.030 inches. How- 
ever, the diameter of the cutter when it is completely finished must be 
used in these calculations—otherwise there will be a slight error in the 
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resulting rake angle and in the depth of fute on the finished milling cut- 
ter, There should be a compensating table adjustment before the offset 
adjustments аге made in order to correct for the difference in the diame- 
ter of the cutter blank and the finished cutter. This compensating ad- 
justment should also correct for the thickness of the paper fecler used 
to “touch up” the fluting cutter on the top of the cutter blank. 

D 


g sin (@ + r) ~ d sin ae — R (eos ac — sin a.) 


п 


join (16°10 + 10°) — 500 sin 


= -125 (cos 16°10" — sin 16°10") 
= 2 (44098) — 500 (.27843) — .125 (90045 — 27843) 
= 88196 — 13922 — 08525 

n = .6575 inch 


мо 


т=[1- сов (а,+т)] +d cos aR (cos a, + sin a, 1) 


d 11-c0s (16° 107 107)] +.500 cos 16° 10" 


— 425 (cos 16* 10 + sin 16* 107—1) 

= 2 (1- 89751) 500 (96045) — 125 (96045 27843—1) 
20498 + 48023 — 02806 

6554 inch 


" 


A considerable difference occurs in the answers for т and n if 15 degrees 
instead of 16°10 is used as the value for angle a. The answers would 
be: n= 0274 inch and m= 6432 inch. Thus, when this method is used 
to offset the cutter blank relative to the Buting cutter, the angle a, should 
first be calculated. Using angle а in place of angle а, will result in an 
‘error which may be significant, 


sharpening face milling cutters, 428-431 
Sharpening formerelieved cutters, 434- 
ч 


cutters, 412- 


diamond, 319,220 


ттеу, 319 sharpening shell end milling cutters, 
qnam 
sharpening staggered-tooth side milling 
“pplication of, 319, 320, 343, 944 cutters, 425-128 
‘cutting action of, 320-323 Cutter and tool grinding machine 
nalion of, 327, 329 attachments, 406, 407 


ип siar of. 323, 324 ‘onstruction of, 404-108 
properties o, 9, 320 
Angle gage blocks, 01-100. 
Angle plate, 82-88, 156,098 
adjustable, 180 
Avtocollimator, 483 


Backlash eliminator for milling machine, for planer, 
98 dor shaper, 12-17 

Hack rests for cylindrical grinder, 381-354 Cutting tool materials 

Balancing grinding wheel, 234, 385 ‘cemented carbides, 44,100, 


Hell-mouth holes i internal grinding, 268 
road-nose finishing, M, 34, 38, 45, 50, 51 


description of, 250 
Incremental eut method, 292-299 


milling constant rise cams, 298-202 


Chisel points, 54 Basic methods of, 354, 365 
Centerless grinding, 370-373 definition of, 346 
Computers, 467-469 face grinding, 366 
Continued division method of caleulating form grinding, 369, 370 
gear ratios 64-270 grinding angular surfaces, 365, 308 
Coordinate measuring machines, 507, S grinding cylindrical surfaces, 385-388 
Cosine effect in test type dial indicator, grinding Sat surfaces, 306. 
401 492 Erinding shoulders, 358-381, 
Cutter and tool grinding, 404-445 ‘grinding tapers, 301-365. 
basie methods, 407-410 Cylindrical grinding gaging systems, 306 
inding an eccentrie relief, 410 (Cylindrical grinding machines, 36-350 
inding reamere, 441-445 accessories, 350 


sator drop method for measuring Cylindrical grinding technology, 373-376 
angles 419, 420 ‘center and center hole care, 374,375 
sharpening end milling cutters, 431-434 dwell, 374 
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traverse length, 373, 
traverse speed, 373, 374 
warming up, 375, 376 
wheel infeed, 374 

work speed, 373 


Dial indicator, test type, 491, 492 
Diamond dresser for grinding wheel, 39, 
337 


Digital position readout, 97, 311, 390 


Drift key, 303 
Drilling and boring hole circle, 235-257 


Electronic height gage, 486 
End milling, 171-173, 175, 248, 249 


Facing head, continuous feed, 314 
Fixtures, 195-195, 
Flute, cut and hand of helix, 112, 
Formul 
ial pitch of helices, 261 
fam milling cutter fute length, 288 
centering straddle milling cutters, 298 
circular pitch of helices, 61 
cutter grinding offset, 408 
cutter offsets for miling helical utes, 
512 
cutter offsets for milling 
E 
cutter offsets for milling tap futes, 239 
cutting speed for planing, 50 
cutting speed for shaping, 11, 12 
iametral pitch of gears, 224 
dividing head elevation for milling an- 
sitters, 254 
head elevation for milling end 


amer futes, 


futing cutter projected side angle, 500 

helical milling gear ratios, 262 

helical milling table swivel angle, 274, 
эю 

hole center distance calculations, 496 

indexing angles 210, 211 

indexing, differential, 207 
xdexing, plain, 202, 204 

indexing, wide range dividing head, 
215-222 

кай of cam, 288 

Jead of helix angle, 280 

lend of milling machine, 282 

normal fute angle of milling cutter, 272 
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normal pitch of helices, 261 
power for milling, 147 

power for planing and shaping, 67 
Sine plate, 397, 500 

Sine plate, true measured angle, 501 
Spindle speel for milling, 133 


Gage blocks, precision angle type, 504-500 
Gears, working dimensions of, 223-220 
Grinding Buds бее Grinding wheel per- 
Grinding, tool and cutter (see Cutter 
чоо! grinding) 

Grinding wheel 

‘abrasives, 319,320 

balancing, 334, 335, 376 

bonding materiala, 394, 328 

d truing, 335, 338 

por 
Erain size 323, 324 
smarking, 326-329 
‘mounting, 332-335, 37, 338 
speed, 338-340, 342, 343 
Mandard grinding wheel shapes, 120- 


structure, 326 
Grinding wheel performance and selec- 
tion, 340-345 

amount of material to be removed, 344 

arc of contact, 340, 341 

area of contact, Mi, M2 

Condition of machine, 344 

grinding uide, 44, 345, 

high pressure air layer, 35 

surface faiah required, 44 

traverse speed, 342, 

wheel diameter, 343 

heel infeed, 302 

wheel speed, 342, 343 

Wheel width, 345 

Work diameter, 343 

work material, 343, 344 

Work speed, 342 


Helical curves and surfaces, 250-261 
Helical milling (see Milling, helical) 
Helix angle 

‘definition, 260 

on end milling cutters, 111, 112 
High-speed steel, 0 
Hrold-dowos, 25,26 
Horizontal boring mills 

construction of, 301-30 

machining operations performed on, 

эп-и7 
setting up workpieces on, 304-311 


Index head (see Dividing hend) 
Indexable inserts, 118,16, 125 


nd 


INDEX 


Indexing, 196-222 
angles, 210-214, 217-222 
differential, 208-210 
direct, 202 
plain, 202-205 
Using wide-range dividing head, 214-222 
Indicator drop angle measuring method, 
419,420 
Internal grinding 
definition of, 346 
grinding cylindrical holes, 986-368 
finding internal tapers, 389 


Lead 
‘of helix, 250 
of milling machine, 282 
Locating surface, 27 


Magnetic chuck, 392-385 
Micrometer height gage, 492 
Milling cutter materials, 99-101 
Milling cuttem-arbor mounted type, 
101-111 
angle milling, 104 
cutting action of, 107-111 
elements of, 106, 107 
Torm-relieved, 104-106 
sear milling, 105,226 
metal slitting saws, 104 
mounting, 126-129 
plain, 101 
profileseround form, 104 
side milling, 101-104 
slab, 101 
Milling cutters—end mill type, 11-118 
applications of, 111 
ball-nose, 115 
center-cutting, 114, 115 
elements of, 111-113 
indexable insert type, 115, 116 
mounting, 129 
tough cutting, 115 
standard, 113-115 
two-fluted, 114, 115 
Milling cutters—face mill type, 11 
applications of, 18. 
cutting action of, 123, 124 
elements of, 118-122 
‘mounting, 129-131 
wiper blades for, EM, 125 
Milling cutters, yeutters, 131, 132 
Milling cutters, shell end mills, 116, 117 
Milling cutters, Talot cutters, 117, 118 
Milling cutters, Woodruff keyseat cutters, 
Ts 
Millize helical, 258-300 
basic principles, 258, 259 
ting change gear ratios for, 261- 
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Milling machines, 69-98 
classifeation of, 60 
construction of, 69-85 
fixed bed type, 81-83 
nee and column type, 69, 70 
plain knee and column type, 71-77 
planer type, 83, 84 
Special, 84-86 
universal knee and column type, 77-80 
vertical knee and column type, 80, 81 
Milling machine accessories, 88-8 
‘arbors, 88-88 
backlash eliminator, 97, 98 
circular milling attachment, 95 
collet chuck, 129 
coordinate measuring attachment, 95 
digital position readout, 97 
dividing head, 95, 96, 198-201 
end mill adaptor, 89 
Кеш] milling driving mechanism, 96, 


vises, 90, 91 
Milling machine feed, 136-143 
‘advance per tooth, 108 
chip thickness, ЮТ 
deed per tooth, 137-143 
machine table feed, 143 
Milling machine spindle nose taper, 74 
Milling operations 
‘angular milling, 179-184 
boring. 187, 193.255 
cam milling, 286-300 
circular milling, 185. 186. 194, 195 
limb milling 152, 153, 170 
conventional milling. 152,188, 170 
down milling, 152, 153, 170 
dee finding, 191, 192 
fend milling, 171-173 
face milling. 123-125, 166-170 
gang milling, 164-166 
‘graduating a micrometer dial, 250-252 
milling angular cutting teeth, 252-254 
‘worm gear, 232, 235 
milling end teeth on cutter, 252 
milling flutes, 296-267 
milling gear teeth, 223-231 
milling hexagons, 235, 238 
milling kevseats, 173-179 
milling side teeth оп cutter, 252 
milling tapered adaptor, 248,249 
precision hole location, 100-193 
Setting depth of cut, 160, 161 
setting up workpieces, 153-159 
sab milling 159-162 
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slotting а blanking die, 249 
‘straddle milling, 164,235. 236 
{ramming the spindle 184, 185 
"Tabor milline, 186 


milling constant rise cams, 286-292 
milling helical utes. 20-284 
milling helical gears, 284 

milling worm threads, 284-286 


Numerical control, 446-451 
advantages of, 44? 
wis amd motion designations, 438-461 
binary notation, 462,467 
binary numbers, 461, 402 
circular interpolation, 400,470 
ronputers, 467-469 
cubic interpolation, 470. 
linear interpolation, 400 
machine control unit, 450, 465-467 
machine operation, 455, 456 
machining, 451-456 
parabolic interpolation, 470 
Feetangul coordinates, 456, 457 
typos of, 448-451 
Numerical control machine tools, 479-481 
machining center, 47, 480 481 
slant hed lathe, 44, 
Numerical control programming, 451-454, 
dam 
continuous path, 472-479 
point-to-point 71, 472 
Numerical control systems 
CNC, 450, 451 45-467 
continuous рай, HR 49 
DNC, 451 
hard-wired, 40,465 
point-to-point 48 
programmable controllers, 451 
Numerical control tape, 462-465 
‘auxiliary functions, 463-465 
binary coded decimal system, 463 
bil, 402, 408 
Mock, 463 
format, 463 
parity check, 463 
Word. 463, 468 


Planer 
construction, 40-44 
cutting speed, 47-51 
cutting tools, AT 
furniture, 51-34 

Planing 
angular surfaces, 63 
Баг stock. 62.63 
rood-nose finishing. 45 


contoured surfaces, 63, 64 
Cutting speed for, 47-51 
die block, 59 
estimating power for, 04-68 
finish planing steel surfaces, 47, 63 
large costing, 00-62. 
residual stresses, 39 
setting-up workpieces for, 1-89, 63 
thin workpieces, 4, 39, 62, 63 

‘OF more parts simultaneously, 62 
Power estimating 


Reference surface, 27 
Residual stresses, 58, 59, 322, 401-403 


Shaper, 
construction, 2-8 
Cutting tosla, 8-12 
vertical, 17, 18 
vise, 19-21 

Shaping 
angular surfaces, 35-37 
‘compound angle, 37 
‘contoured surface, 37, 28 
cutting speed for, 8-12 
"lovetsil surfaces, 36, 37 
catimating power for, 64-68 
internal surfaces, 38, 
parallel surfaces, 24-26, 
perpendicular surfaces, 26-20, 32-35 


perpendicular and parallel surfaces, 
20-20 
plane surface, 22-1 


thin workpieces, 25.20, 31, 32, $4 
Vertical surfaces 28-30 
‘with work clamped lo table, 30- 
Single-point cutting tools, 12-17, 44-47, 
[e] 
‘Sine bar, 181, 393-397, 500-504 
‘Sine plate, 395-197, 500-504 
Sloner 17,18 
Steady rests, 351-354, 367 
Strap clamps, 30, 31, 51-53, 153-155 


grinding conditions, 381, 382 
linear form grinding, 390 

loading the magnetic chuck, 385, 386 
on cylindrical surfaces, 388 
perpendicular surfaces, 393, 395 
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sharpening a die, 388-380 
thin surfaces, 101-403 
truing the magnetic chuck, 383-385 

Surface grinding machines. 377-381 
павее chuc for, 382-385 

Surface grinding machine 

00-401 


angle plate, 303 
conforming block, 390 
magna-lock clamps, 398 
magnetis adjustable work holder, 308 
‘magnetic parallels, 301, 302 
magnetic V-block, 303-305 
optical projector, 00, 401 
pantograph trung and dressing attach- 
"ment, 30, 400 
radius truing attachment, 399 
ine bars. 305-307 
Sine plates, 08-207. 
Steel parallels, 390, 391 
steel V-block, 308-395 
Toolmakers vise 392-303 
зис plates, 482 
accuracy ol, 482 
сайтов of, 482-184 
fare of, 488, 186 
surface plate work, 488-807 
"checking for coaxiality, 497-199 
hecking for coneentricitv, 497-199 
Асека for parallelism, 180. 
checking for roundness, 488, 487 


accessories, 
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checking for squarences, 186 
Лепе and height measurement, 489- 
Га 


messuring angles and tapers, 499-507 
12-406 


measuring hole loc 
Tooling balls, 307 


Tool and culter grinding machine (see 
Cutter" and toot grinding machine) 

Tooling balls, 307 

Tooth rext blades for cutter and tool 

riding, 410-412 

Tracing atiachment, 63, 64, 82, 83 

Tramming а spindle, 184, 185 

Trial cut procedure, 23, 24, 100, 101, 193, 
EI 


V-blocks, 175. 176, 393-395 
Vernier, gear tooth caliper, 290, 231 
fertieal shaper, 17, 
Vise, peecsios s. 19,90,91 
checking accuracy of. 19-21 
уне, tookmakers 302, 303 
ine work 
‘on a milling machine, 15, 157-150, 179 
fon a shaper, 22-30 
оа в surface grinder, 392, 303 


